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THIS IS THE WORLD’S BIGGEST TRUCK 


Your first impulse is to dive for the 
ditch when you see this mastodon of 
trucks roaring down the road. But if 
you were a contractor, you'd soon de- 
termine that this world’s-largest- 
truck is an 18-wheel, 750-horsepower 
monster that can haul 165 tons of pay- 
load each trip. 

The box and frame are built from a 
remarkable United States Steel grade 
called USS “T-1” Constructional 
Alloy Steel. It's more than three times 
stronger that standard steel, so they 
could use thinner, lighter sections. 
Result: They shaved 12144 tons of 
dead weight from the trailer by ce- 
signing with the new steel, a_ net 
weight savings of 25%. The savings 
went into extra payload capacity. 

Unlike most  ultra-strong alloy 
steel, “T-1" Steel can be easily 
formed, and it can be welded in the 
field without fancy heat treating 
equipment. “T-1” Steel resists impact, 
corrosion, abrasion. And it retains its 
strength down to a hundred degrees 
below zero. ‘“T-1" Steel’s only one of 
the amazing high-strength metals pro- 
duced by U. S. Steel. 

U. S. Steel is constantly working on 
newer and stronger metals for the 
important jobs of the future. The suc- 
cess of this research and the applica- 
tion of these steels depends upon engi- 
neers. If you would like details of the 
many engineering opportunities in the 
steel industry, send the coupon. 

USS and “T-1 are registered trademarks 


United States Steel 


United States Steel Corporation 
Personnel Division 

525 William Penn Place 
Pittsburgh 30, Pennsylvania 


Please send me the booklet, ‘Paths of Opportunity.” 
Name 
School 


Address 
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HOW TO MAKE A “LEFT TURN” IN OUTER SPACE 


(and the “right turn” toward a gratifying career) 


Like the dimensions of the universe 
itself, the future of space technology 
is beyond imagination. The fron- 
tiers of space will edge farther and 
farther from us as engineering and 
scientific skills push our knowledge 
closer to the stars. Bendix Aviation 
Corporation, long a major factor in 
America’s technological advance, 
offers talented young men an out- 
standing site from which to launch 
a career. 


In the field of controls alone, for 
example, Bendix (which makes con- 
trols for almost everything that 
rolls, flies or floats) has developed 
practical, precision equipment for 
steering and controlling the atti- 


A thousand products 
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tude of space vehicles. It consists 
of a series of gas reaction controllers 
(actually miniature rockets) which 
are mounted around the satellite. 
Individually controlled by a built- 
in intelligence system, they emit 
metered jets of gas on signal when- 
ever it is necessary to change the 
orientation of the satellite. 


The development of this unique 
control equipment is but one of the 
many successful Bendix projects 
involving knowledge of the outer 
atmosphere and beyond. Bendix, a 
major factor in broad industrial re- 
search, development and manufac- 
ture, is heavily engaged in advanced 
missile and rocket systems and com- 


“Gondjx” 


AVIATION CORPORATION 
Fisher Bidg., Detroit 2, Mich 


ponents activities. These include 
prime contract responsibility for 
the Navy’s advanced missiles, Talos 
and Eagle. 


The many career opportunities 
at Bendix include assignments in 
electronics, electromechanics, ultra- 
sonics, computers, automation, 
radar, nucleonics, combustion, air 
navigation, hydraulics, instrumen- 
tation, propulsion, metallurgy, com- 
munications, carburetion, solid 
state physics, aerophysics and 
structures. See your placement 
director or write to Director of 
University and Scientific Relations, 
Bendix Aviation Corporation, 
1108 Fisher Bldg., Detroit 2, Mich. 


a million ideas 
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Karl Pearson...on mystery versus ignorance 


‘Does science leave no mystery? On the contrary, 
it proclaims mystery where others profess knowl- 
edge. There is mystery enough in the universe 
of sensation and in its capacity for containing 
those little corners of consciousness which project 


their own products, of order and law and reason, 


into an unknown and unknowable world. There 
is mystery enough here, only let us clearly distin- 
guish it from ignorance within the field of possible 
knowledge. The one is impenetrable, the other 
we are daily subduing.” 

—~ Grammar of Science, 1892 


THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 
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Westinghouse is the best place for talented engineers 


Westinghouse scientist Robert Sampson analyzes a special photoelastic model under polarized light to calculate 
the stresses which would be built up in an atomic reactor component now in the design stage. 


If your design must resist severe stress and 
shock, the Mechanics Lab can help you 


Engineers at Westinghouse can count on the Mechanics 
Lab for expert advice and help on problems involving 
static or dynamic mechanics. If an engineer’s design 
must withstand the shock of a missile blast, or the stress 
in an atomic reactor, the men in the Mechanics Lab will 
analyze it for him and point out ways to improve it. 

This laboratory supplements the work of engineers in 
all departments at Westinghouse. Its typical activities 
include studies of flow and combustion, heat transfer, 
lubrication, stress, and vibration . . . studies aimed at 
solving today’s specific problems, as well as building a 
store of knowledge for tomorrow. 

The young engineer at Westinghouse isn’t expected to 
know all the answers . . . our work is often too advanced 
for that. Instead, his abilities and knowledge are backed 
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up by specialists like those in the Mechanics Laboratory. 

If you have ambition and ability, you can have a 
rewarding career with Westinghouse. Our broad product 
line, decentralized operations, and diversified technical 
assistance provide hundreds of challenging opportunities 
for talented engineers. 

Want more information? Write today to Mr. L. H. 
Noggle, Westinghouse Educational Department, 
Ardmore & Brinton Roads, Pittsburgh 21, Pennsylvania. 


you can Be SURE...1F 17S 


Westinghouse 
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Biggest thirst in the universe 


Each 6,000,000 pound thrust rocket ship now being planned for manned 
interplanetary exploration will gulp as much propellant as the entire capac- 
ity of a 170 passenger DC-8 Jetliner in less than 4 seconds! It will consume 
1,140 tons in the rocket's approximately 2 minutes of burning time. Required 
to carry this vast quantity of propellant will be tanks tall as 8 story buildings, 
strong enough to withstand tremendous G forces, yet of minimum weight. 
Douglas is especially qualified to build giant-sized space ships of this type 
because of familiarity with every structural and environmental problem 
involved. This has been gained through 18 years of experience in producing 
missile and space systems. We are seeking qualified engineers and scien- 
tists to aid us in these and other projects. Write to C. C. LaVene, Box B-600, 
Douglas Aircraft Company, Santa Monica, California. 


Dr. Henry Ponsford, Chief, Structures Section, discusses valve and 
fuel flow requirements for space vehicles with DOUGLAS 
Donald W. Douglas, Jr., President of 
MISSILE AND SPACE SYSTEMS Mf MILITARY AIRCRAFT Ml DC-8 JETLINERS ll CARGO TRANSPORTS Ml AIRCOMB Ill GROUND SUPPORT EQUIPMENT 
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AT RAYTHEON... 


Scientific imagination 
focuseson... RADAR... 

SONAR ...COMMUNICATIONS... 
MISSILE SYSTEMS ... 

ELECTRON TUBE TECHNOLOGY... 
SOLID STATE 


Challenging professional assignments are of- 
fered by Raytheon to outstanding graduates 
in electrical engineering, mechanical engin- 
eering, physics and mathematics. These as- 
signments include research, systems, devel- 
opment, design and production of a wide 
variety of products for commercial and mil- 
itary markets. 


For specific information, visit your place- 
ment director, obtain a copy of “Raytheon 
...and your Professional Future,” and ar- 
range for an on-campus interview. Or you 
may write directly to Mr. John B. Whitla, 
College Relations, 1360 Soldiers Field Road, 
Brighton 36, Massachusetts. 
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shaping the course of power 
in hydraulics 





General Motors engineers measure the torque 
and efficiency characteristics of torque con- 
verter blade designs with high velocity fluid 
flow, using electronic measurement devices to 
solve for unknowns in highly complex mathe- 
matic design problems. 


What’s your speciality, your first love in science and 
engineering? Astronautics? Automobiles? Electronics? 
Jet Power? Refrigeration? Basic Research? You’ll find 
opportunities in all of these fields and many more at 


General Motors. Because GM is a company where you 


and your talent can really go places. There’s no dead- 
ending here. You can go forward by working on a 
variety of challenging projects, moving up through 
your division, and there’s also a possibility of moving 
across to other divisions. 

Interested in postgraduate studies? GM provides finan- 
cial aid. There’s also a summer program for under- 
graduates. You gain work experience while vacationing 
from school, 

Get the story on a rewarding GM career from your 
Placement Officer or write to General Motors, Per- 
sonnel Staff, Detroit 2, Michigan. 





GENERAL MOTORS 
4 tu d 
GM positions now available in these fields for men holding Bachelor’s, Master’s and Doctor’s degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical, 


Aeronautical and Ceramic Engineering » Mathematics « Industrial Design « Physics e Chemistry * Engineering Mechanics e Business Administration and Related Fields 
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Editorial... 


Meeting the Objectives of Engineering Education 


For almost 100 years, Cornell 
University’s stated objective has 
been to provide “an _ institution 
where any person can find instruc- 
tion in any study.” The large num- 
ber of courses offered at the Uni- 
versity provide one indication of 
the extent to which Ezra Cornell’s 
dream has been realized. But in no 
school of the University is the num- 
ber of courses available a final indi- 
cation of its educational compe- 
tence. 


Restating Cornell's Goal 

Professor H. G. Booker, director 
of the School of Electrical Engi- 
neering, when speaking of the goals 
of a University in the January 
CorNELL ENGINEER, stated that its 
objective is “to take in good brains 
from high school and make these 
brains function as well as possible.” 
Here is a clearer idea of the mean- 
ing of Mr. Cornell’s phrase “in- 
struction in any study.” Applied to 
the University’s College of Engi- 
neering, it can explain why a Cor- 
nell engineering graduate taking 
the same courses as graduates of 
many other engineering schools 
proves better able to meet the de- 
mands of the industrial world. 

There appears to be little dis- 
agreement among the faculty and 
students with the objective Profes- 
sor Booker has stated, But the gap 
between the theory and its applica- 
tion proves so formidable that few 
are willing to cross it. Fortunately 
there are several faculty and stu- 
dent organizations making signifi- 
cant studies of the implications of 
such an objective, but most engi- 
neering students, upon a close ex- 
amination of their required courses 
of study, will find that the age of 
enlightenment is still in the distant 
future. 


Engineering—a Means to An End 


According to Professor Booker, 
engineering studies are a means to 
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his objective; thus the purpose of 
engineering courses is not to teach 
students an impressive number of 
chemical formulas, the characteris- 
tics of selected electron tubes, or 
the relative merits of various build- 
ing materials. It is to teach disci- 
plines, methods of thought, and 
techniques of analysis to be used 
as a starting point for the student's 
own independent thought and in- 
vestigation. 

These should be the goals of 
every course in the College of 
Engineering and the direction in 
which the curriculum of each school 
should lead, But when the question 
of putting such principles into prac- 
tice arises, something goes wrong. 
Each faculty member agrees with 
the program’s broad objective, is 
convinced that his school is follow- 
ing them, and is certain that the 
courses he teaches are the best il- 
lustration of that fact. If he is right, 
those of us who have been con- 
cerned about curriculum revision 
have been worrying needlessly. Un- 
fortunately it is this lack of objec- 
tivity among many individuals that 
is one of the most serious problems 
to be overcome. 


Curricula Needs Revision 

If we are willing to accept this 
broad objective of education on a 
college-wide level, does it not fol- 
low that there should be certain 
similarities in the curricula of each 
school? The disparity between 
everything from number of credit 
hours to organization of electives in 
the various schools seems to indi- 
cate anything but a common edu- 
cational goal. What it leads us to 
conclude is that each school is try- 
ing to fill students with as many 
facts as possible. Such a program 
conflicts directly with any hope of 
aiming the curricula at improving 
students’ ability to use their brains. 

We firmly believe that the cur- 
riculum of every school can be de- 
signed with certain parallel studies. 
Is the chemical engineer better 


educated because of his heavier 
load of chemistry in the freshman 
year, or are fifth year projects any 
more necessary for mechanical en- 
gineers than for civil engineers? 
Surely the program of technical and 
non-technical electives does not 
play such a different role in each 
curriculum to justify the nonuni- 
form requirements we find through- 
out the College. 


Steps Toward Improvement 


There is some very deep soul- 
searching necessary in every school 
to correct these inconsistencies. We 
look to the Dean’s office for the 
clear policy statements required to 
bring about the  college-wide 
changes that must be initiated. We 
hope for some definite action, in- 
stead of indulgent head nodding, in 
the formation of a much tighter 
curriculum with less emphasis on 
fact and more stress on technique. 

Moreover there is an urgent need 
to recognize that the quantity of 
credit hours a graduating engineer 
amasses is not always the best indi- 
cation of a well trained student. A 
revised program must recognize the 
importance of allowing students 
more time for independent thought 
and general participation in the 
non-credit aspects of the Cornell 
community. Here there is always 
the objection that students will tend 
to do as little work as_ possible. 
Undoubtedly many will, but a 
course of study catering to the 
lowest common denominator will 
produce engineers of corresponding 
calibre. 

We have been pleased to note 
the beginning of some improve- 
ments, but when we see electrical 
engineers pouring molten metal 
into crumbling sand molds, and 
engineering physics students spend- 
ing valuable time machining taper 
plugs, we are convinced that a 
more vigorous shake-up is needed 
at once. Let us hope that a liberal 
engineering faculty will soon take 
the required action. A.S.R. 
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AT'S LITERALLY 
ALL AROUND YoU! 
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The word space commonly représents the outer, airless regions of the universe. 
But there is quite another kind of “space” close at hand, a kind that will always 
challenge the genius of man. 


This space can easily be measured. It is the space-dimension of cities and the 
distance between them... the kind of space found between mainland and off- 
shore oil rig, between a tiny, otherwise inaccessible clearing and its supply 
base, between the site of a mountain crash and a waiting ambulance—above all, 
Sikorsky is concerned with the precious “spaceway” that currently exists be- 
tween all earthbound places. 


Our engineering efforts are directed toward a variety of VTOL and STOL 
aircraft configurations. Among earlier Sikorsky designs are some of the most 
versatile airborne vehicles now in existence; on our boards today are the ve- 
hicles that can prove to be tomorrow’s most versatile means of transportation. 


Here, then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here, perhaps, is the kind of challenge you can meet, 


j KO sy sy KY For information about careers with us, please ad- 
dress Mr. Richard L. Auten, Personnel Department. 


One of the Divisions of United Aircraft Corporation 
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Summer jobs often lead to rewarding careers at Du Pont 


THIS SUMMER... 


ON-THE-JOB TECHNICAL TRAINING AT DU PONT 
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Pictured are a few of the many Du Pont 
plants and laboratories across the country 
where selected technical students roll up 
their sleeves during summer vacation and 
put their college training to practical use. 


Most of the assignments are similar to 
work the employees are likely to do after 
graduation. Next summer, for example, a 
chemical engineering student may go to 
work on a catalyst recovery project. A 
mechanical engineering trainee may be- 
come engrossed in a challenging hydraulic 
study. A promising young chemist may 
tackle a problem in organic chemistry. 


In short, each man is given a regular 
plant or laboratory assignment commen- 
surate with his education to date. And, as 
with permanent employees, the student’s 
training is personalized and tailored to fit 
his background and interests...even to 
the location he prefers, as far as practical. 


This program has proved of benefit both 
to students and to Du Pont. It gives stu- 


dents an opportunity to increase technical 
knowledge and to learn how to put college 
training to use in industry. It gives 
Du Pont a chance to observe men who will 
soon be graduating in science and engi- 
neering. Many of these summer associa- 
tions are stepping stones to rewarding 
careers with this company. 


Juniors, seniors and graduate students 
will be given technical assignments. Op- 
portunities are in chemical, mechanical, 
electrical and metallurgical engineering; 
also in physics and mathematics. Candi- 
dates should write at once to E. I. du Pont 
de Nemours & Co. (Inc.), 2420 Nemours 
Building, Wilmington 98, Delaware. Open- 
ings are, of course, limited. 


There are opportunities also for men 
who have completed their freshman and 
sophomore years, as laboratory assistants 
or vacation relief operators. They should 
apply direct to the Du Pont plant or 
laboratory location of their choice. 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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A new dimension in 
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bubble blowing 


This plastic bubble protects the antenna of a 
radically new aerial three-dimensional radar 
defense system. 


Sensitive to the inadequacies of conventional radar 
systems, engineers at Hughes in Fullerton devised 
a radar antenna whose pointing direction is made 
sensitive to the frequency of the electromagnetic 
energy applied to the antenna. This advanced tech- 
nique allows simultaneous detection of range, bear- 
ing and altitude... with a single antenna. 


Hughes engineers combined this radar antenna with 
“vest-pocket sized” data processors to co-ordinate 
antiaircraft missile firing. These unique data proc- 
essing systems provide: 


1. Speed—Complex electronic missile firing data was 
designed to travel through the system in milli- 
seconds, assuring “up-to-date” pinpoint position- 
ing of hostile aircraft. 


2. Mobility—Hughes engineers “ruggedized” and 
miniaturized the system so that it could be mounted 
into standard army trucks which could be de- 
ployed to meet almost any combat problem—even 
in rugged terrain. 

3. Reliability — By using digital data transmission 
techniques, Hughes engineers have greatly re- 
duced any possibility of error. 


Result: the most advanced electronics defense 
system in operation! 


Falcon air-to-air guided missiles, shown in an en- 
vironmental strato chamber are being developed and 
manufactured by Hughes engineers in Tucson, Arizona. 
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Reliability of the advanced Hughes systems can be in- 
sured only with the equally advanced test equipment 
designed by Hughes El Segundo engineers. 


aiid as 


Other Hughes projects provide similarly stimulating 
outlets for creative talents. Current areas of Re- 
search and Development include advanced airborne 
electronics systems, advanced data processing 
systems, electronic display systems, molecular elec- 
tronics, space vehicles, nuclear electronics, electrolu- 
minescence, ballistic missiles...and many more. 
Hughes Products, the commercial activity of Hughes, 
has assignments open for imaginative engineers to 
perform research in semiconductor materials and 
electron tubes. 


Whatever your field of interest, you’ll find Hughes 
diversity of advanced projects makes Hughes an 
ideal place for you to grow... both professionally 
and personally. 





ELECTRICAL ENGINEERS AND PHYSICISTS 


Members of our staff will conduct 
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MARCH 2 and 3, 1960 


For interview appointment or informational 
literature consult your College Placement Director. 
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ESCHATOLOGY AND ASTRONOMY 


by Norman S. Atwood, Jr., EE °63 


Prophecy has always been a pop- 
ular occupation with mankind. But 
until recently, there has been no 
factual foundation for predictions 
of the future. The prophecies of the 
ancient Oracles of Delphi were ac- 
cepted without question, but in this 
age of analysis the approach is 
usually a scientific one, with logical 
reasoning and technical facts sup- 
porting the conclusion. Hence, Del- 
phi has been replaced by the ob- 
servatories such as Palomar and 
Mount Wilson, which supply astro- 
nomical information relevant to the 
age-old questions of the signifi- 
cance and destiny of man in the 
universe. 

Traditionally, the solution of 
these questions have been left in 
the hands of theologians, who have 
even given the subject a formal 
title: eschatology, the study of the 
ultimate destiny of man and the 
world. But due to the great ad- 
vances of scientific knowledge 
these days, the scientists now have 
their fingers in the pie also. 

However, scientific predictions 
are subject to some limitations. In- 
telligent life, by its ever-increasing 
control over nature, can alter to a 
significant extent the development 
of the future and cause it to con- 
form to its own purpose. This un- 
certainty of evolutionary develop- 
ment imposed by intelligence is 
nevertheless negligible in the areas 
of natural phenomena over which 
man has no control. In these areas 
science may predict the future with 
confidence from natural laws. 

The extraterrestrial universe is 
a realm in which man’s domination 
will in all probability forever be of 
minute consequence. When the 
limited extent of man’s domain is 
compared with the vast reaches of 
space, it is evident that the cosmic 
order will remain relatively un- 
changed, even if man chooses to 





Spiral nebula in Andromeda is one of 
many which astronomers study. Their 
studies provide positive evidence that 
the chances of a cosmological disaster 
involving the earth are slim. 
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completely destroy the earth. But 
while the earth’s destiny may de- 
pend on man, man’s destiny like- 
wise depends on that of the earth. 
And the earth’s destiny mainly de- 
pends on the evolutionary proc- 
esses of the universe. 


The Contribution of Astronomy 

In science’s prophecy of the fu- 
ture, the contribution of astronomy 
is the determination of the earth's 
probable future due to the action 
of cosmic forces. Specifically, it 
seeks to discover what the pros- 
pects are of the earth’s continuing 
as man’s abode, and to study the 
probabilities of events which could 
end the existence of mankind. 

What is the nature of these cos- 
mic events which would, either di- 
rectly by their own action, or in- 
directly by their influence on ter- 
restrial actions, alter the delicate 
conditions which sustain life on 
earth? Two types of such cosmic 
disasters are conceivable: first, a 
collision or a close encounter be- 


tween the earth and another celes- 
tial body, thus disrupting the 
earth with earthquakes, volcanic 
eruptions, tidal waves, or the loss 
of its atmosphere, or perhaps even 
pulling the earth into a new orbit, 
thus varying its average tempera- 
ture; second, a change in the in- 
tensity or nature of the sun’s radi- 
ation received by the earth, which 
would occur if the sun’s luminosity 
or temperature were to change. 
These cosmic disasters have been 
carefully considered by astrono- 
mers, and it is now possible to 
make some evaluations and predic- 
tions. Every day the earth’s mass is 
increased by several tons due to 
collisions with meteoric material. 
To a great extent, this material is 
in the form of fine dust and small 
particles which, upon entering the 
earth’s atmosphere at velocities of 
approximately 30 miles per second, 
are immediately consumed by fric- 
tion. Larger meteorites, weighing 
up to about 200 pounds, may strike 
the earth 5 or 6 times a day. But 


Earth’s mass is increased by several tons every day by collisions with meteoric material. 
Most are consumed by friction when they enter the atmosphere, but heavier ones 
penetrate making craters like the Arizona Crater above. 
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Proton-proton reaction is one of the two primary sources of thermonuclear energy in 

the sun. In the above diagram, only nuclei are shown, since at the temperature at which 

the reactions occur, atoms are stripped of their planetary electrons. The times noted are 
for conditions prevailing in the interior of the star. 


this material poses no threat to hu- 
man life, when the probability of 
one’s hitting a populated area is 
considered, 

But larger masses also hit the 
earth, Twice in the present century 
meteorite falls of several hundred 
tons have occurred; fortunately 
both times in unpopulated areas of 
Siberia. 

As for the chances of the earth’s 
colliding with a really large body, 
they are relatively insignificant. 
Within the past few years, approxi- 
mately a dozen asteroids have 
been discovered whose orbits cross 
that of the earth. It has been esti- 
mated that a direct hit by one of 
them would occur about once in 30 
million years. If there exist several 
hundred of these asteroids, which 


Throughout our universe it is common phenomena for a star to 
blast into a state whose luminosity surpasses that of its normal 
case by a factor of several hundred thousand, A star in this 
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is more likely, the estimate is once 
every 2 million years. But even a 
collision with an asteroid whose 
mass is comparable to that of a 
mountain would not be a total dis- 
aster. A body a quarter of a mile in 
diameter would create a crater per- 
haps 25 miles across, and devastate 
an area about the size of Texas. 
This is the worst which could hap- 
pen, since the orbits of all bodies 
larger than this are known, and 
none comes near that of the earth. 

The above information takes 


care of bodies from within the solar 
system, but what of bodies from 


outer space? The probability of an 
encounter with a passing star 
which could cause the destruction 
of the solar system has been com- 
puted, It has been found that even 


among the hundreds of billions of 
stars in the galaxy, only one or two 
such encounters would have oc- 
curred in the 3 billion years be- 
lieved to be the galaxy’s age. 
Another possibility in this type 
of disaster is the disintegration of 
the moon, resulting in a rain of 
huge pieces upon the earth, leaving 
it dead and pock-marked like its 
late satellite. This event could ac- 
tually occur. Effects of tidal fric- 
tion on the earth-moon system have 
been calculated. If the loss of en- 
ergy through tidal friction con- 
tinues at the present rate, the 
month, the earth’s sidereal day’, and 
the mean lunar distance will in- 
crease. The maximum will occur 
when the sidereal day and the 
month are equal. After this time 
the effect of tidal friction will be to 
shorten the month and bring the 
moon closer. When the moon 
comes within a distance of about 
2.4 times the earth’s radius it will 
be torn apart by gravitational at- 
traction, parts falling to the earth 
and parts going into the formation 
of rings like Saturn’s. If this theory 
is correct, this should occur Janu- 


ary first, 100,000,000,000 A.D. 


Stellar Interiors 

The second type of cosmic event 
which could affect the existence of 
life on earth is a change in the 
sun’s integral properties, such as its 
size, luminosity, or temperature. It 
has been estimated that the atomic 


exploded state is known as a nova. Above are direct photo- 
graphs of nova Hercules. The one on the left was taken 
March 10, 1935, the one on the right on May 6, 1935. 
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reactions in the interior of the sun 
have been sustained for roughly 
three billion years. How much 
longer the sun’s thermonuclear re- 
actions will continue to operate 
and what will happen when the 
fuel supply is exhausted are prob- 
lems studied in a branch of astron- 
omy called “stellar interiors.” 
According to an article by Dr. 
Albert G. Wilson, Director of the 
Lowell Observatory in Flagstaff, 
Arizona, a present theory of the 
structure of the sun represents it 
as a model consisting of two zones. 
These two zones are: 1) a core, 
whose temperature is sufficiently 
high to enable thermonuclear en- 
ergy generation to take place, and 
2) a cooler surrounding envelope 
in which no energy generation oc- 
curs. Initially, a star is composed 
almost entirely of hydrogen. With- 
in the core the hydrogen is con- 
verted into helium while convec- 
tion currents keep the substance 
thoroughly mixed. The envelope, 
cooler and less disturbed, remains 
hydrogen-rich. As long as_ there 
exists an adequate supply of hydro- 
gen in the convection core, there is 
little change in the star’s integral 
properties. Eventually, however, 
the hydrogen in the core becomes 
exhausted and within the core 
there no longer exists nuclear en- 
ergy production, The central core 
becomes an extremely hot isother- 
mal core, and at the interface be- 
tween the core and the hydrogen- 
rich envelope, nuclear energy gen- 
eration occurs in a thin shell. The 
isothermal core grows in mass and 
radius as the thermonuclear shell 
eats its way out through the hydro- 
gen envelope. This process cannot 
continue until the shell traverses 
the entire envelope, but must ter- 
minate when the isothermal core 
acquires a mass of about twelve 
percent of that of the entire star. 
During the time of growth of the 
isothermal core, the star increases 
somewhat in luminosity, but re- 
mains constant in temperature, 
Another theory has been devel- 
oped by Schwarzschild and San- 
dage involving the evolutionary se- 
quence which comes into operation 
after the twelve percent limit has 
been reached, According to their 
theory, after the isothermal core 
reaches the critical mass it begins 
to contract, and through contrac- 
tion gravitational energy is re- 
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Carbon cycle, the other primary source of energy, is similar to the proton-proton 

reaction, since in both processes four protons are fused to yield an alpha particle, plus 

energy. By means of the two reactions, 564 million tons of solar hydrogen are converted 

each second into 560 million tons of helium. The last four million tons are converted 
into radiant energy. 


leased. During this phase the total 
luminosity of the star remains 
nearly constant, but the envelope 
becomes greatly extended. Later, 
when the contracting helium core 
reaches a much higher tempera- 
ture, a thermonuclear reaction in 
which helium nuclei form carbon 
becomes operative. Then the star 
becomes more luminous. After this 
stage, the star may collapse and 
become what is known as a white 
dwarf star. These are stars whose 
matter is in a degenerate form. The 
nuclei of the atoms, devoid of their 
electronic shells, are pressed to- 
gether, giving densities of the order 
of tons per cubic inch. 


Observational Data and Conclusions 

The above statements are the- 
ories. But some amazing agree- 
ments have been obtained between 


the consequences of these theories 
and the observational data. The 
rate at which a star consumes its 
hydrogen depends on its mass, The 
most massive stars burn their fuel 
at the highest rates and are there- 
fore the most luminous. It follows 
that massive stars reach the twelve 
percent limit earlier than less mas- 
sive ones, and start out earlier on 
an evolutionary track such as that 
proposed by the latter theory. In a 
large aggregate of stars, such as a 
globular cluster, containing stars 
of all masses, there should be some 
which are still consuming the hy- 
drogen in their cores and some 
which have reached the post 
twelve-percent evolutionary stages. 
Sandage, at Mount Wilson and 
Palomar, has studied the luminosi- 
ties and temperatures of several 
hundred stars in the globular clus- 
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ter M3, and has found that all stars 
heavier than 1.2 solar masses have 
taken off on an evolutionary track 
resembling that predicted by the 
theory. 

If the universe is in the neigh- 
borhood of three billion years old, 
as has been determined from sev- 
eral independent observations, and 
stars down to 1.2 solar masses have 
consumed the hydrogen available 
to them, how much time remains 
before stars of mass 1.0 reach this 
critical evolutionary stage? Assum- 
ing that our sun is of the same age 
as the stars in M3 and is subject 
to the same interior processes, then 
it should continue to radiate more 
or less as in the past for another 
four or five billion years. 


Stellar Explosions 

The normal evolutionary _ se- 
quence of the sun, therefore, does 
not pose any appreciable threat to 
man’s existence. But what if the 
sun should suddenly become a 
nova, vaporizing the entire earth in 
a matter of minutes without previ- 
ous warning? (As if anything could 
be done about it if there were such 
a warning!) Throughout our vast 
universe it is a common phenome- 
non for a star to blast into a state 


whose luminosity surpasses that of 
its normal state by a factor of sev- 
eral hundred thousand, and in ex- 
treme cases, of several billion. The 
star in this exploded state is known 
as a nova, or possibly a supernova. 


The “Star of Bethlehem” could 
have been one of these stellar ex- 
plosions. 

In our galaxy, the Milky Way, 
at least twenty stars explode year- 


Theory predicts that in a large aggregate of stars, such as this globular star cluster in 
Hercules (M13), there should be some stars still consuming the hydrogen in their cores 
and some which have reached the post-twelve-percent evolutionary stages. 


ly. Since our galaxy is about three 
billion years old, it follows that ap- 
proximate sly 60 billion stars have al- 
ready exploded during this period. 
But since there are about 100 bil- 
lion stars in the Milky Way, by 
simple arithmetic, the sun is due to 
become a nova sometime in the 
next two billion years. Hence the 
chances of its exploding in the next 
year are only one in two billion. So 
although this is the most probable 
event mentioned here which could 
cause a premature termination of 
mankind’s existence, the chances 
are one in two thousand of the sun 
becoming a nova in the next mil- 
lion years. No _ self-respecting 
gambler would ever bet against 
these odds! 


Even if the reader is not a gam- 
bling man, he should now be able 
to sit back and relax, with a sigh of 
relief, and smugly contemplate the 
fact that the only obstacle which 
could deter man from fulfilling his 
ultimate destiny is himself. From 
what has been observed of cosmol- 
ogy, it can be predicted with con- 
viction that man will not cease to 
exist because of some cosmological 
phenomenon before he can perfect 
his own method of self-destruction. 

‘ sidereal—measured by the apparent 
motions of fixed stars; as, sidereal day, 
the interval between two successive 
transits of the first point of Ares over 
the upper meridian of any place, equal 
to 23 h. 56 min. 4.09 sec. of mean solar 
time.—Webster’s New Collegiate Dic- 
tionary. 


Close encounter with another heavenly body, like Halley’s comet (shown here in 1910), could cause tidal waves, volcanic erup- 
tions, or loss of atmosphere. Fortunately the chances of such an encounter are extremely small. 
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ACCOMPLISHMENTS OF IGY 


To examine intelligently the ac- 
complishments of the International 
Geophysical Year,' it is necessary 
first to examine its aims. What were 
the reasons for this intensive, eight- 
een-month-long period of re- 
search? Why this huge quest for 
basic technical knowledge which 
took the efforts of 60,000 people 
from 66 nations? 


Cooperation Not New 

Contrary to popular belief, the 
IGY of 1957-58 was not the first in- 
ternational research period ever 
held. Its precedents were the First 
Polar Year of 1882-3 and the Sec- 
ond Polar Year of 1932-3. In 1950, 
a request was made that the third 
research period be held after a 25- 
year interval instead of another 50- 
year interval. There were several 
reasons for this: (1) the “ware- 
house of basic data” that is so es- 
sential for progress in pure and ap- 
plied science was empty; (2) travel 
at super-sonic speeds and the likeli- 
hood that in the near future man 
would enter space made imminent 
the problem of finding out more 
about the upper atmosphere and 
the earth itself; and (3) a period 
of unusual activity on the sun was 
predicted for 1957-8. 

Overall plan for IGY was broken 
down into three areas of study. The 
first of these included studies of 
the earth itself; the second took in 
studies of weather and climate; the 
third covered the upper atmos- 
phere and outer space. Simultane- 
ous observations of geophysical 
phenomena from all over the earth 
was a necessary condition of accu- 
rate investigation. Therefore inter- 
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national cooperation was made an 
integral part of IGY. This coopera- 
tion between nations might be con- 
sidered one of the main accomplish- 
ments of the project. 


Intense Polar Study 

During IGY, the most intensive 
investigation yet made of Antarctica 
was undertaken. Twelve nations 
joined in the effort to learn more 
about the true character of this 
mysterious continent. It was found 
that beneath the ice sheet lie many 
mountainous islands, most of which 
would be below the ocean’s surface 
if the ice masses were to melt. An- 
other discovery, which is still con- 
troversial, is that there may be a 
major separation between east and 
west parts of the continent. Investi- 


eset, ke ce 


gators also found that because the 
quantity of ice in Antarctica is much 
larger than was previously _be- 
lieved, the total of the world’s ice 
and snow is 40 percent greater than 
formerly estimated, Extensiveness 
of the investigations and scattered 
locations of the outposts main- 
tained by the different nations per- 
mitted the first accurate weather 
census to be taken in the area. 

This will help immensely in de- 
termining what bearing Antarctica 
has on the weather in the rest of 
the world. The lowest temperatures 
ever recorded, -125F at the Soviet 
outpost, Sovietskaya and -135.4F, 
in a balloon twelve miles over the 
South Pole, were reported. 

But Antarctica was not the only 
cold region in the world which was 
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United Press Photo 


Portable weather stations, called “grasshoppers”, were used to transmit weather 

information to a central weather headquarters at McMurdo Sound, Antarctica. These 

fully automatic units were dropped by parachute into remote areas of the Antarctic, 

where they commenced to sprout legs, antennas and anemometers, and began sending 
out weather information. 
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Weather balloon is launched by Air Force. This balloon is twelve feet in diameter and 

carries a 500-pound gondola equipped with high-altitude weather equipment. Other 

balloons sometimes carry photographic equipment for taking pictures of earth, sun, 
and stars. 


studied thoroughly; glacier _ re- 
search was done in the Brooks 
Range, the northernmost moun- 
tains on the North American con- 
tinent, There it was learned that 
glaciers grow fastest in the sum- 
mer, This is in agreement with the 
argument that humidity is much 
more important than cold in mak- 
ing an ice age, because summer 
winds over this range are moist, 
while winter winds, coming from 
the frozen Arctic Ocean, are dry. 
An enlargement of this phenome- 
non is thought by some to be the 
cause of the successive ice ages of 
the past million years. When the 
Arctic Ocean is free of ice, the 
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winds proceeding from it are mois- 
ture-laden and cause the formation 
of the continental ice sheets; when 
it is frozen over, the winds are dry 
and the growth of the ice sheets is 
halted. 

To study the drift paths of ice 
and the surface currents in the Arc- 
tic Ocean, both the United States 
and Russia maintained research 
stations on ice islands. Each coun- 
try manned thin ice floes, some- 
times only seven feet thick, in ad- 
dition to rather large, thick is- 
lands. The research done in this 
field enabled the drift paths of ice 
to be charted anew, thus diminish- 
ing, for the present, the hazard of 


this ever-present menace to ship- 
ping. 
Aurora Linked to Van Allen Belt 

One of the most startling events 
of IGY was the discovery of the 
Van Allen radiation belt, named 
after its discoverer, Dr. James A. 
Van Allen, of the University of 
Iowa. This belt of very high radia- 
tion encircles the earth within the 
earth’s magnetic field, at a height 
of 1,000 to 3,000 miles, Its presence 
helps explain such phenomena as 
the aurora, and it must be taken 
into account when plans for space 
travel are formulated. In addition 
to this belt, a second radiation belt 
at an altitude of 10,000 miles was 
discovered by Pioneer III, one of 
the U.S. cosmic rockets. 

The aurora itself, a phenomenon 
which has puzzled man for many 
centuries, was the subject of much 
IGY research, Auroras have their 
origin in the ionized, upper layers 
of the atmosphere. It is now 
thought that these “curtains” of 
light may be caused by charged 
particles issuing from the sun. Most 
of these particles are caught in the 
earth’s magnetic field, where they 
form the Van Allen Radiation Belt. 
However, some escape at the mag- 
netic poles, where the lines of force 
are weakest. These particles, col- 
liding with other particles in the 
earth’s upper atmosphere, are be- 
lieved to cause the aurora. 

Many new discoveries were 
made during IGY about the earth’s 
atmosphere. One was the “electro- 
jet”, an electrical current circling 
the planet high in the atmosphere. 
This current and currents circling 
the earth’s poles are believed to be 
the cause of changes in the earth’s 
magnetic field. 

IGY Satellites 

Artificial moons were the most 
publicized of IGY events. By the 
end of IGY, seven artificial moons 
had been orbited, four of these by 
the United States and three by the 
Soviet Union. Although the United 
States led in number of rockets or- 
bited, it was far behind Russia in 
payload. For instance, Sputnik III 
had a payload of 2,925 pounds; the 
payload of Explorer IV was 25.7 
pounds, These satellites detected 
the existence of the radiation belts 
and made a surprising discovery 
about the shape of the Earth. The 
latter event came about after a 
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study of the Vanguard rocket’s or- 
bit, which seemed at first to be 
wobbly. It was found that what 
seemed to be an imperfection in its 
orbit was actually due to the fact 
that the earth is pear-shaped, the 
bottom of the pear being in the 
southern hemisphere. 


Cosmic Rays 

The origin and effects of the cos- 
mic rays which strike the earth’s 
atmosphere with such force that 
they penetrate deep into the earth 
was another puzzle which IGY at- 
tempted to solve. The correlation 
between cosmic rays and_ solar 
flares, which are vast eruptions on 
the sun, was studied, It was be- 
lieved that the sun was the source 
of cosmic rays. Data obtained 
from monitoring auroral activity by 
means of cameras and radar seem 
to support this theory. Still to be 
processed are mountains of data 
obtained from the constant watch 
kept on the sun by thirty-three 
countries during the IGY. Any ul- 
timate conclusion about the source 
of these rays will be some time in 
coming. 

Cosmic rays provide a means of 
indirectly studying the shape of the 
earth's magnetic field and_ its 
changes in relation to events on the 
sun. This is possible because cos- 
mic rays are deflected by the field 
according to their energies, with 
the rays of greatest intensity being 
deflected the most. The different 
compositions and intensities of the 
rays at different times can there- 
fore be used to study the magnetic 
field and its changes. To measure 
these rays, ice-breakers in polar 
regions, satellites, balloons, high- 
flying rockets, and aircraft were 
put to use. Their efforts will great- 
ly increase man’s understanding of 
the earth’s magnetic field and its 
bearing on other phenomena. 

The solar rays which are the sus- 
pected sources of cosmic rays have 
yet another effect on the earth. Dr. 
Walter Orr Roberts, who headed 
the United States IGY program of 
solar studies, believes that the re- 
search in this field has established 
a relationship between solar flares 
and changes in weather patterns 
at the highest level of IGY weather 
mapping. This relationship, if con- 
firmed, would mean that during 
the eleven-year cycle of sunspot 
maximum and minimum, the 
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earth's weather would follow a pre- 
dictable change. 


Oceanic Discoveries 

The oceans of the earth were 
subjected to their most extensive 
investigation during IGY, Three- 
hundred fifty tide-gage stations and 
80 research vessels took part in 
oceanographic research. Sea level 
changes and oceanic water budget 
were studied, Ocean currents were 
also studied, and several new dis- 
coveries were made in this field. 
Three major counter-currents were 
discovered and measured. One of 
these is in the Atlantic Ocean, flow- 
ing deep beneath the Gulf Stream. 
The other two are in the Pacific. 
The Pacific current lying closest to 
the surface is the largest of the 
three currents. It was traced for 
3,500 miles, but its actual length 
may be twice that distance. It lies 
from 100 to 800 feet below the 
surface and has been compared in 
magnitude to “a thousand Missis- 
sippis.” It flows at three times the 
speed of the surface current. 

The discovery of deep trenches 
off the coast of South America and 
in the Arctic basin has also in- 
creased our knowledge of the 
oceans’ anatomy. In the Pacific, a 


vast region abundant in mangan- 


ese, iron, cobalt, and copper of po- 
tentially great value, was found. 
These deposits are so rich that their 
exploitation may not be very far 
in the future. 

These have been the discoveries 
made, the theories formulated or 
substantiated. There is still much 
data to be analyzed and evaluated. 
This task will take many years. In 
the meantime, the International 
Geophysical Year is still continu- 
ing in several smaller ways: a con- 
centrated study of the Indian 
Ocean by the countries bordering 
on that body of water is planned 
for 1961-2, and post-IGY commit- 
tees, such as the Special Committee 
for Inter-Union Cooperation in 
Geophysics are now in existence. 
Let us hope that the IGY has set 
a pattern for international research 
which will be continued in the 
future. 
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United Press International Photo 


One of the clearest pictures ever made of the face of the sun, this closeup shows the 
sunspots (black areas) believed to be the cause of electrical disturbances on earth. 
Areas are about 9000° Fahrenheit, and about 30,000 miles in diameter. 
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New Developments in the Control of Thermonuclear Power 
Bring Us Closer to Obtaining . . . 


POWER FROM FUSION 


Ever since Hahn and Strassman 
discovered uranium fission, man 
has wished he could control the 
great forces which are hidden in 
the atom. This ambition was real- 
ized when Enrico Fermi, at the 
University of Chicago in 1942, pro- 
duced the world’s first self-sustain- 
ing, controlled chain reaction, 

Fission is a phenomenon which 
takes place every day in certain 
materials which are said to be 
radioactive; that is, they emit par- 
ticles. The particles include alpha 
and beta particles, and gamma 
rays which are dangerous due to 
their high penetrating power and 
effect on tissues. Fission reactions 
need no push and cannot be slowed 
down. Radioactive elements can 
be natural or man-made. When 
subjected to the bombardment of 
the particles from a radioactive ele- 
ment, a stable element becomes 
radioactive. These radio isotopes 
can be used benficially in medicine, 
agriculture, and industry. 

The atom bomb demonstrated 
the immense amounts of power 
which could be derived from un- 
controlled reaction. The chain re- 
action is produced by bringing two 
chunks of radioactive material (us- 
ually U-235 or Pu-239) together 
quickly. Neutrons which are emit- 























Kirk type of instability causes the plasma to hit the walls of 
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ted by the uranium or plutonium 
strike other atoms. Since the neu- 
tron is uncharged, it penetrates the 
field of electrons surrounding the 
atom and hits the central nucleus. 
When a neutron hits the nucleus, 
the nucleus becomes unstable and 
splits apart into two roughly equal 
halves, meanwhile emitting more 
neutrons and particles. The neu- 
trons in turn hit other atoms and 
cause them to split. The sum of the 
weights of the reactants and the 
products of the reaction are not 
equal, Some mass is lost. From the 
famous Einstein equation, E=mc’, 
which says that matter and energy 
are interchangeable, it is shown 
that the small loss in mass during 
the chain reaction is converted into 
energy. The large amounts of ener- 
gy liberated can be accounted for 
because “c” in the equation is the 
speed of light in centimeters per 
second, 


Power from Fission 


If a chain reaction could be con- 
trolled, it could be used. Direct 
tapping of power from a nuclear 
reaction in the form of electricity is 
difficult, so an intermediate method 
had to be found. A heat exchange 
device which can transport heat 
from one place to another can be 





used to harness the energy of the 
atomic reactor. The heat generated 
from the reactions is used to heat 
water and make steam to drive a 
turbine and produce electricity. 
But use of the cooling water 
from the reactor is dangerous be- 
cause the water itself can become 
radioactive and harmful to human 
life, so a second heat exchanger is 
used in conjunction with the first. 
The steam generated from this sec- 
ond exchanger is safe to use. 
Many other uses of atomic power 
are possible; automobiles, ships, 
trains, and planes could be pow- 
ered by fission reactors but for one 
important fact. Since the fuel used 
in a reactor is radioactive, it emits 
particles and rays which can cause 
damage to human cells. The alpha 
and beta particles are easy to stop, 
but gamma rays will penetrate sev- 
eral feet of lead. This shielding is 
necessary to protect the users of 
atomic engines, and this is the 
drawback; the shielding for only a 
small amount of radioactive ma- 
terial weighs several tons. Planes 
would be very heavy and cars 
would have to be very long in or- 
der to separate the reactor from the 
passengers. Because of their un- 
wieldiness, reactors have, for the 
most part, been used on land in 
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the tube and contaminate the pinch. 
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“Sausage” instability in a linear pinch constricts plasma. 
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the form of power stations. Notable 
exceptions are the Navy’s atomic 
submarines which can cruise more 
than 50,000 miles without refuel- 
ing. In the future, with new shield- 
ing processes and other advances, 
it is hoped, man will attain com- 
plete control of fission. 

As man looked forward to an age 
of the atom, another discovery in 
the field of atomics was made. In 
1952, just after the Korean War, 
the United States exploded a hy- 
drogen bomb. Fusion, the process 
of joining two light elements to 
make a new heavier one, had been 
known of for a long time. It takes 
place in the sun and had been pro- 
duced on earth with large particle 
accelerators which fling particles at 
each other at enormous speeds and 
energies, 

Previously, it was known that the 
tendency towards fission decreased 
as the atomic weight of an element 
decreased. What did those ele- 
ments of low atomic weight tend 
to do?—They fused. Hydrogen, 
helium, and lithium, all found on 
the sun are the three lightest ele- 
ments. By bombarding light ele- 
ments such as lithium with hydro- 
gen nuclei (protons), scientists 


created two helium atoms. This 
reaction is represented by the 


equation 
,H'+ ,Li7—,He* + .He* 

But this reaction required millions 
of electron volts. Fusion can also 
be produced by pressure and high 
temperatures. By using an A-bomb 
trigger to create temperatures of 
millions of degrees, a fusion reac- 
tion can be touched off. 

Fusion is known to take place on 
the sun in the form of the carbon 
cycle. Now fusion could be pro- 
duced on the earth. Farseeing men 
immediately set out to harness 
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Cross-section of tube showing separation 

of particles due to unequal magnetic field 

near inner side of tube. Dots are cross- 
sections of magnetic lines. 
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“B3” research stellerator, being used at the James Forrestall Research Center at 
Princeton University, employs a method called magnetic pumping to heat the gas 
beyond one million degrees. 


fusion too, for the supply of hydro- 
gen and its isotopes is as plentiful 
as the water in the ocean. Fusion 
being the opposite of fission, the 
weight of the elements produced 
is greater than the individual 
weights of the reactants. However, 
as in fission the total weights do 
not agree, and mass is again lost 
as energy is released. Just as neu- 
trons must penetrate the electron 
field and nucleus of a uranium 
atom to cause fission, light atoms 
must come close together to pro- 
duce fusion. The atoms, when 
heated to high temperatures or 
bombarded by other particles, be- 
come stripped of their electron 
shells and the free nuclei come to- 
gether and fuse. 


Controlling the Reaction 

If harnessing fission for power 
was difficult, controlling fusion ap- 
peared to be impossible. Fusion oc- 
curs within a temperature range of 
over one million degrees to one 
hundred million degrees absolute. 
At such high temperatures, there is 
no substance which can contain hot 
gases. Consequently, some other 
sort of containment must be found 
to enclose the fuel gas. Probably, 
for this reason, the hydrogen 
bomb was first used in the form of 
a weapon instead of in a useful, 
peaceful situation. The comparison 
between fission and fusion is clear 


—in fission, the reaction occurs at 
relatively low temperatures, the 
weight of the products is less than 
the original element, and the reac- 
tion is contained in an atomic pile. 
Fusion results in heavier particles 
being created, occurs at extremely 
high temperatures, and cannot be 
contained in any solid container. 
Furthermore, although the energy 
released per fission is greater than 
the energy released per fusion of 
atoms, the fusion reaction releases 
about eight times as much energy 
per pound as does the fission reac- 
tion. This is due to the fact that 
there are a great many more atoms 
in a pound of hydrogen or helium 
than in a pound of uranium. Final- 
ly, both methods can use a heat ex- 
changer to draw off the energy 
generated. 

The main problems which must 
be solved in order to use fusion for 
power generation can be summar- 
ized as (1) containing the gas (ac- 
tually plasma, because the atoms 
are stripped of their electrons), 
(2) heating the gas to fusion 
temperatures, (3) confining the 
plasma for a long enough time for 
fusion to begin, and (4) obtaining 
power from the reactions. 

The problem of confining the 
plasma has been approached in a 
number of ways. The main meth- 
ods rely on the so-called “pinch ef- 
fect”, and the use of magnetic 
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fields, The pinch effect is so named 
because of the fact that when a 
high current is passed through an 
ionized gas, the current causes the 
plasma to contract toward the cen- 
ter of the tube containing it. This 
is due to the magnetic effect set up 
by the current, When the plasma is 
pulled to the center of the tube, 
its density increases and compres- 
sion results which causes heating. 
Compression of this type, which 
occurs in the neon display sign, 
may result in temperatures of one 
million degrees when sufficient en- 
ergy is passed through the tube. 
The magnetic field container makes 
use of the transformer or Faraday 
effect. When the flux through one 
circuit changes, it produces similar 
changes in the flux of an associated 
circuit. In the case of plasma con- 
finement, coils of wire are wound 
around a tube or toroid and current 
is applied to them. The plasma in- 
side the tube acts as the secondary 
of the “transformer,” and is made 
to contract by the magnetic 
field created inside the tube, A 
side effect of this contraction is 
ohmic heating due to the I°R losses 
in the plasma which, although ion- 
ized, is not a perfect conductor. 
Other devices similar to the mag- 
netic “bottle,” as it is called, are 
the magnetic mirror machine, 
which uses a magnetic field to re- 
pel ions of either sign from two 
directions to compress and heat 
them, and a device that uses a rap- 
idly rising magnetic field to con- 
tain and heat the plasma. 


Heating the Plasma 


The two devices now used to 
heat the plasma are based on the 
pinch effect and the magnetic field 
effects, Pinching, as stated before, 
constricts the plasma toward in the 
center of the tube and in the same 
process, heats it. Temperatures as 
high as one million degrees may be 
obtained this way, but although 
this effect may be used to contain 
the plasma as well as to heat it, it 
is not too stable and allows the hot 
plasma to hit the walls of the tube 
and evaporate them. Neutron emis- 
sion can be used as an indication 
of the temperature since as the 
temperature rises, the number of 
fusions increases and consequently 
the number of neutrons given off as 
fusion products increases. How- 
ever, the instability of the “simple 


24 


pinch” allows runaway particles to 
knock neutrons out of the walls of 
the tube, thus upsetting the neu- 
tron count with false readings. 

The pinch effect has several 
characteristic unstable forms, one 
is the sausage effect and the other 
is the kink effect. By producing a 
longitudinal magnetic field inside 
the pinched column of plasma, the 
sausage effect can be eliminated. 
The kink effect is alleviated by us- 
ing a return conductor to neutral- 
ize inequalities in the field. In some 
experiments done by Colgate and 
Furth as described in Science, it 
was found that the simple pinch in- 
creased in stability as it grew long- 
er and that the stability is also de- 
pendent upon the resistance of the 
plasma, a result which agrees with 
work done by Lyman Spitzer at the 
Project Matterhorn laboratories at 
Princeton. It is found that if the 
current in the plasma surpasses a 
certain value, a hydro-magnetic 
kink instability develops. 


The use of magnetic fields to 
heat the plasma is being used at 
present at Princeton University’s 
James Forrestal Research Center. 
The Stellarator devices which are 
being used at Princeton employ a 
method called magnetic pumping 
to heat the gas after ohmic heating 
loses its value at about one million 
degrees. The pumping system al- 
ternately expands and contracts the 
lines of force in the tube, heating 
the plasma on contraction and cool- 
ing it on expansion. The net effect, 
however, is heating. This is be- 
cause of a resonance effect created 
when the frequency of the pump 
is attuned to one of the periods of 
the Stellarator, i.e., the time be- 
tween collisions of the particles, 
the time to pass through the region 
of pumping or the time taken to 
gyrate around the magnetic lines 
in one cycle. Resonating the pump- 
ing frequency to one of these pe- 
riods causes the intake of energy to 
exceed the output of energy in a 
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Cross-section of the divertor mechanism. The thin lines are the plasma particles. The 
dark sections are the magnetic coils which skim off the outermost layer of particles, 
thus decreasing the amount of impurities in the tube. 
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heating-cooling cycle. Instability 
problems arise in the case of mag- 
netic pumping also, In the machine 
at Princeton, the actual device used 
is in the shape of a torus instead of 
a linear tube. This is because the 
heat generated in the fusion reac- 
tion is so great that if the plasma 
were allowed to touch the elec- 
trodes (as it would have to in the 
case of a linear tube) it would 
vaporize them, destroying the elec- 
trodes and cooling the gas down 
with impurities. The use of a race- 
track or figure eight shaped tube 
eliminates the possibility of vapor- 
izing the electrodes since none are 
needed—the plasma forms a closed 
circuit upon itself. This change in 
shape from the ideal tube intro- 
duces new difficulties. In the case 
of a straight tube, the pinched or 
constricted plasma will tend to stay 
in the center of the tube because 
the magnetic field is strongest 
there. But when the field is made 
to “turn corners” as it were, the 
magnetic field becomes non-uni- 
form, concentrating around the in- 
side of the curved surface. This 
causes the positively and negative- 
ly charged ions to separate, posi- 
tive charges going to one side of 
the tube and electrons moving to 
the other side. This separation of 
charges causes an electrical field to 
be set up which disrupts the field 
completely, the reason being that 
the charges have no way of leaking 
back across the magnetic field to 
neutralize each other again. Since 
electric charges can only leak along 
the lines of flux, and the magnetic 
field is parallel to the axis of the 
tube—not at the top one minute 
and at the bottom the next, the 
charges are forced to remain sep- 
arate. 


Twisted Magnetic Field 


It was found after experimenta- 
tion, that the separation of charges 
could be compensated for and elim- 
inated at the same time. If the mag- 
netic field could be given a “twist” 
so that the lines of force traced out 
a helical path around the axis of 
the tube, they would trace out a 
“magnetic surface,” which would 
have the property of being at all 
points in the tube within a certain 
time. This is actually done in two 
ways; an external magnetic field is 
applied longitudinally along the 
bottle which twists the field, or 
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the torus itself is twisted into a 
figure eight causing the magnetic 
field to go through a rotational 
transform angle around the tube. 
This angle increases as the distance 
from the axis of the tube increases. 
The separation of the charges was 
eliminated because they are con- 
stantly pulled in one direction. If 
the ions move too far above the 
axis, the lines of force will pull 
them back. If they go too far be- 
low the axis, the unequal magnetic 
field will cause them to rise. In ad- 
dition, because the lines of force 
trace out a magnetic surface, they 
are alternately at the top of the 
tube at one moment and at the bot- 
tom at the next, This effectively al- 
lows the charges to flow along the 
lines and neutralize themselves 
without disrupting the magnetic 
field. 

Further problems in heating the 
plasma arise from “runaway elec- 
trons.” As the particles move faster 
and faster, due to heating to the 
enormous temperatures referred to 
above, they tend to participate in 
fewer and fewer collisions, thus, 
they speed up until they escape the 
magnetic field entirely, crashing in- 
to the walls of the bottle and dis- 
lodging heavy atoms and particles 
which contaminate the gas and 
cause it to cool due to the greater 
heat radiating capabilities of the 
heavier particles. The most serious 
effect, however, is a thing called 
“pumpout.” Particles seem to van- 
ish, perhaps hitting the walls of the 
tube and embedding themselves 
there or knocking off heavier atoms 
from the walls. In any case, the ef- 
fect is not desirable. 

Reduction of impurities from any 
sources can be effected by the use 
of a divertor which does exactly 
what the name implies. By the use 
of a magnetic field, particles which 
travel around the very edge of the 
field are skimmed off and elimi- 
nated by the use of vacuum pumps. 
Further reduction is possible by 
baking the tube for a number of 
hours with the vacuum pumps on 
or by a newly discovered technique 
of rapid pulsing at low confining 
fields. These methods bring the 
amount of impurities down to a 
negligible value. 

Briefly, the fusion reaction must 
be confined for a certain period of 
time before it can be left to run 
alone. Different approximations 


seem to give a value of about one 
second to start and continue the re- 
actions. Power from these reactions 
can be obtained in the standard 
way—the heat exchanger method 
could be used to drive turbines 
with steam generated from the 
heat. 

The newest effort at Princeton is 
the model C Stellarator which uses 
the best parts of previous Stellara- 
tors in its design. It is now being 
built, with a 1961 completion date 
in mind, It will involve heating by 
resistance methods, then by ion- 
cyclotron resonance heating. The 
power circuits will involve large 
d-c generators and vacuum tubes. 
De-ionized water will be used to 
cool the magnetic coils and two 
separate radio frequency supplies 
will be used to provide additional 
heating. 


Other Research 


Just recently, the Naval Research 
Laboratory has announced that it 
has “apparently” achieved a small 
fusion reaction using a short linear 
tube to contain deuterium plasma 
(similar to hydrogen, but with two 
neutrons in the nucleus ). The mag- 
netic mirror effect is used to con- 
fine the plasma and the gas is 
heated and confined in a process 
taking about ten microseconds. 
Within one microsecond, a temper- 
ature of three million degrees was 
reported. The interesting feature of 
this attempt is that after a prelim- 
inary oscillation, the plasma seems 
to settle down in the center of the 
tube, exhibiting none of the usual 
hydromagnetic instabilities charac- 
teristic of other methods. At about 
seven microseconds, the neutron 
emission hits a peak of about one 
hundred million. Another recent 
development at the Los Alamos 
Labs is the result of creating a 
magnetic field in the shape of four 
cusps curving inward, It is based 
on the theory of entropy trapping 
which implies that if the particles 
in the plasma are kept in the field 
while they are being heated, they 
will randomize so that they will 
tend to stay in the field. 

As we obtain more facts and con- 
tinue to experiment, a time will 
probably come when man will be 
able to forget his worries about 
running out of fuel, and will be 
able to build his future around 
power from fusion, 
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ABOUT CIVIL ENGINEERING 


The classic image of the surveyor 
in lion-tamer pants and a campaign 
hat has not been the true picture 
of the civil engineer for several 
decades. Now neither the man nor 
the field is static, and his sphere of 
influence is as limitless as outer 
space, Some of the things civil en- 
gineers are working at these days 
range from space survival, super- 
highways and radio telescopes to 
art museums, aerial photographs 
and reactor plants, 

In the old days all engineering 
was for the military, Ever since 
Marcus Apius used his ingenuity to 
build the military roads that led 
from Rome, engineers have con- 
structed “impregnable _ fortifica- 
tions’—and means for their ulti- 
mate destruction. About the time 
of the American Revolution, one 
British engineer felt that some 
thought should be given to civic 
development, and so in London in 
1777, the first shingle appeared 
reading, “John Smeaton, Civil En- 
gineer.” Since then buildings, 
roads, water supply, sanitary facil- 
ities, traffic patterns, tunnels, man- 
agement, and other public works 
have become an honored preoccu- 
pation, 


by M. D. Morris, C.E. °44 


Seventy-five years later, the Am- 
erican Society of Civil Engineers 
was founded here, and since 1852 
Mechanical, Mining and Metal- 
lurgical, Electrical, Chemical, Aer- 
onautical, Nuclear, etc., engineer- 
ing have branched off as separate 
fields from the parent society. But 
the direct work for the public good 
remained with the “civils.” 

Satisfaction in this field comes 
from tangible results and their use- 
fulness, from such civil engineering 
accomplishments as a pipeline de- 
livering natural gas from Oklahoma 
direct to Boston; a tower standing 
dry and fixed thirty miles out at 
sea pumping oil from far below the 
stormy ocean's bottom; and the San 
Francisco-Oakland Bay Bridge. In 
1942 a young man in charge of his 
first survey crew laying out the 
boundary fence of the Rome, New 
York, Army Air Force Base paused 
on a tall hilltop to look back and 
admire his straight line of stakes. 
They led in perfect alignment from 
his instrument back down the hill, 
across a broad swamp, and up 
over another hill. This he thought, 
was something of man’s conquest 
of nature, Last year, when other 
work brought him back to Rome he 
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Civil engineers remove slum areas and replace them with modern useful structures 
with a minimum of interruption to daily life. 
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found part of his fence gone, along 
with the two hills. They had been 
leveled off and used to fill the mile 
or so of swamp that was dredged 
away, and a large airstrip ran over 
the whole area. In this quest for 
satisfaction, progress beyond earli- 
er expectations becomes the by- 
product. 


Relation with Other Fields 

The civil engineer has become 
the skeleton analyst to the other 
engineering professions because he 
knows the nature of the materials 
of engineering (soil, steel, alumi- 
num, wood, concrete, glass, etc.), 
and studies the behavior of these 
materials in various — structural 
shapes. For example, the latest way 
of learning about the number of 
stars, their composition, and their 
direction of motion in, say, the 
great spiral nebula in Andromeda 
(nearly a million light years away ) 
is by radio telescope. This large 
gossamer steel web catches spatial 
radio waves in its bowl-like shape. 
Civil engineers design these to in- 
sure greatest strength with a min- 
imum of extra “non-working” parts. 
The basic structural skeleton of the 
huge Boeing 707 jet air transport 
that flies from Los Angeles to New 
York in 4% hours was designed by 
a C.E., just as were the airfields it 
uses for landings and takeoffs. As 
aircraft became bigger and heavier 
they require stronger and thicker 
pavements to support their weight 
and impact on landing. Just any 
kind of pavement won't do either, 
it must be such that it will not de- 
teriorate from kerosene or more 
exotic liquid fuels. 

Everything built by man (air- 
ports, roads, buildings, dams, tun- 
nels ), depends upon the soil for its 
foundation, The soil must be able 
to support structures without set- 
tling, or displacing other soil else- 
where. It must hold water if it is an 
earthfill dam or transmit water if 
it is a sand drain. 
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Because soil is not constant like 
steel or concrete, it requires an 
entire school of study for itself 
called Soil Mechanics. “Dirt-men” 
today are adding chemicals to the 
earth-in-place and coming up with 
stabilized, hard surface roadways. 
They inject chemicals into the 
ground to form firm foundations 
for buildings where unstable con- 
ditions existed. It was that way un- 
der the mammoth Chase Manhat- 
tan Bank Building in downtown 
New York. 

Superhighways have become so 
much a part of our daily lives that 
a confused person is no longer “at 
the crossroads”—he’s at a cloverleaf. 
One can now drive across several 
states on thruways, parkways, turn- 
pikes, and freeways. As soon as the 
linkage is completed, he will be 
able to drive the Interstate System 
from New York to San Francisco 
without stopping for a traffic light. 
There will be toll gates aplenty 
though, for a long time to come. 

Population studies of trends lead- 
ing to special planning for mass- 
transportation is also C.E. work. 
This includes determination of traf- 
fic patterns, routes, and even of lo- 
cation of new roads. There is a def- 
inite reason for that new one-way 
avenue in town! 


New Techniques Ease Work 


All things that once required 
years of exploration on foot are 
now accomplished rapidly and ex- 
pertly in days by specialists in air 
photo interpretation, the newest of 
the civil engineering techniques. 
This applies to dam location, drain- 
age patterns, highway routes, large 
area land use studies, geological 
structures, and terrain analyses. 

Cero Bolivar, U.S. Steel's mag- 
nificent mountain of iron in Ven- 
ezuela, was discovered by noticing 
in an air photo a type of mountain 
laurel that grows only in soils con- 
taining iron salts. “C.B.” now pro- 
duces more than ten million tons of 
first grade ore per year. At the 
mine there is a complete and self- 
contained city including power, 
water supply, sewerage, etc. A 
highway and a railroad run from 
the mine to the Orinoco River 
junction 60 miles away where an- 
other city, a port, was built com- 
plete and self-contained. There, the 
ore is taken from the railroad cars, 
processed, and loaded onto ocean- 
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Roof hung by cables from prestressed concrete arches gives the State Fair Arena in 
Raleigh, N.C., complete interior visibility that is column free. 


going steamers. These will go near- 
ly one hundred miles down the 
newly dredged riverbed before 
starting the voyage across the 
Caribbean and the Atlantic to 
United States refineries. Civil engi- 
neers planned and built that whole 
operation with the aid of the other 
engineering professions. 

The buildings for highly special- 
ized atomic plants, reactors, “hot 
goods” storage, and disposal of 


radioactive waste have also been 
designed for nuclear physicists and 
other scientists by C.E.’s. The mas- 


sive concrete housing for a reactor 
is a new study unto itself, as are 
the block launching pads for the 
Jupiters, Thors, Atlases, and Van- 
guards, with their superstructures 
for count down. 

Electronics men and mathema- 
ticians have produced a new tool 
to change the work sphere of the 
civil engineer. By making use of 
both digital and analogue comput- 
ing machines he can figure high- 
way cuts and fills, traffic studies, 
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population futures and complex 
problems in statically indetermi- 
nate structures, in a fraction of the 
time formerly needed. 


Survival in Space 


Survival in a capsule hurtling 
through space at terrifying speeds 
is also a civil engineering concern. 
A government grant is supporting 
research by sanitary (civil) engi- 
neers at New York University to 
find the best way to store supplies 
of oxygen, palatable food, water 
for drinking, cleaning, and cooking. 
These men seek ways to maintain 
the oxygen-carbon dioxide balance 
to sustain life; ways to control any 
toxic substances in the capsule’s 
limited air supply; ways to store 
and reconstitute body wastes and 
maintain comfortable temperatures 
and humidity on long, long trips. 

But down here on earth archi- 
tects are designing buildings in 
accordance with their wildest 
dreams. Thanks to new civil engi- 
neering concepts in concrete, steel, 
aluminum and wire uses, these 
dreams suddenly become real 
buildings. Thin shell shapes hang 
from their self-supporting selves by 
cables. Concrete walls are pre- -cast 
in molds at work-yards, and pre- 
stressed by pulling imbedded wires 
tight while the mix is still plastic. 
After being dried and cured they 
are tilted up into place by huge 
portable cranes. 

As for the future in engineering 
for the public good, it is hard to 
guess because all things in these 
dynamic days move so rapidly. It 
has not been quite 200 years since 
John Smeaton’s monumental “little 
revolution,” 
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NASA LEADS 
U.S. VENTURES 
INTO 


SPACE 


OUTSTANDING PROFESSIONAL OPPORTUNITIES AVAILABLE 
TO GRADUATING SCIENTISTS AND ENGINEERS 


NASA plans, directs and conducts the Nation’s 
aeronautical and space activities for peaceful pur- 
poses and the benefit of all mankind. 


NASA’s efforts are directed toward discovering 
new knowledge about our universe and formu- 
lating new concepts of flight within and outside 
the earth’s atmosphere. Through the application 
of the resulting new knowledge and supporting 
technology, we will gain a deeper understanding 
of our earth and nearby space, of the moon, the 
sun and the planets, and ultimately, of inter- 
planetary space and the distant galaxies. 


NASA is now engaged in research, development, 
design, and operations in a wide variety of fields, 
including: 


Spacecraft * Aircraft * Boosters * Payloads 
Flight dynamics and mechanics ¢ Aeroelasticity 
Launching and impact loads * Materials and struc- 
tures ¢ Heat transfer * Magnetoplasmadynamics 
Propulsion and energy systems: nuclear, thermal, 
electrical, chemical « Launching, tracking, naviga- 
tion, recovery systems ¢ Instrumentation: electrical, 
electronic, mechanical, optical * Life support sys- 
tems ¢ Trajectories, orbits, celestial mechanics 
Radiation belts * Gravitational fields * Solar and 
stellar studies ¢ Planetary atmospheres « Lunar 
and planetary surfaces « Applications: meteor- 
ology, communications, navigation, geodesy. 


Career Opportunities 

At NASA career opportunities for graduates 
with bachelor’s or higher degrees are as unlimited 
as the scope of our organization. Because of our 
dynamic growth and diversified operations, ex- 
cellent opportunities for personal and professional 
advancement are available for graduates with 
majors in: 


Engineering: Aeronautical, Mechanical, Electronic, 
Electrical, Chemical, Metallurgical, Ceramic, Civil, 
Engineering Mechanics, Engineering Physics 
Science: Astronautics, Physics, Electronics, Chem- 
istry, Metallurgy, Mathematics, Astronomy, Geo- 
physics 


For details about career opportunities, write 
to the Personnel Director of any of the 
NASA Research Centers listed below or 
contact your Placement Officer. 


NASA Research Centers and their 
locations are: 


e@ Langley Research Center, Hampton, Va. 

e Ames Research Center, Mountain View, Calif. 

e Lewis Research Center, Cleveland 35, Ohio 

e Flight Research Center, Edwards, Calif. 

e@ Goddard Space Flight Center, Washington 25, D.C. 


N A S A National Aeronautics and Space Administration 
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after you join Western Electric? 


Anywhere you look — in engineering and other profes- tunities for career building within research and engi- 
sional areas — the answer to that question is progress. neering. Western Electric maintains its own full-time, 
For Western Electric is on a job of ever-increasing all-expenses-paid engineering training program. And 
complexity, both as the manufacturing and supply unit our tuition refund plan also helps you move ahead in 
of the Bell System and as a part of many defense your chosen field. 
communications and missile projects. - : : 

These two assignments mean you'll find yourself in Opportunities exist for electrical, mechanical, indus- 
the thick of things in such fast-breaking fields as micro- ictal, abel end chemient engineen, ao well ae Oe te 

> ‘ : eye Pa ep ey aitagere physical sciences. For more information get your copy 

wave radio relay, electronic switching, miniaturization of Consider © Carcer of Wester Slecivie from your 
and automation. You may engineer installations, plan Placement Officer. Or write College Relations, Room 
distribution of equipment and supplies. Western also 200D, Western Electric Company, 195 Broadway, New 
has need for field engineers, whose world-wide assign- York 7, N. Y. Be sure to arrange for a Western Electric 
ments call for working with equipment we make for interview when the Bell System team visits your campus. 
the Government. The opportunities are many — and 
they're waiting! n 

You'll find that Western Electric is career-minded .. . ’ f TV ae 
and you-minded! Progress is as rapid as your own indi- Wwe ‘4y MY py Elec rie 
vidual skills permit. We estimate that 8,000 supervisory es am 
jobs will open in the next ten years—the majority to be 
filled by engineers. There will be corresponding oppor- MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM, 


Principal manufacturing locations at Chicago, IIl.; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Burlington, Greensboro and Winston-Salem, N. C.; 
Buffalo, N. Y.; North Andover, Mass.; Lincoln and Omaha, Neb.; Kansas City, Mo.; Columbus, Ohio; Oklahoma City, Okla.; Engineering Research Center, Princeton, N. J.; Teletype 
Corp., Chicago 14, Ill. and Little Rock, Ark. Also W. E. distribution centers in 32 cities and installation headquarters in 16 cities. General headquarters: 195 Broadway, New York 7, N.Y, 


FEBRUARY 1960 29 


When writing to advertisers please mention the ConneLL ENGINEER. 





engineers 


and what they do 


The field has never been broader 
The challenge has never been greater 


Engineers at Pratt & Whitney Aircraft today are concerned 
with the development of all forms of flight propulsion 
systems—air breathing, rocket, nuclear and other advanced 
types for propulsion in space. Many of these systems are so 
entirely new in concept that their design and development, 
and allied research programs, require technical personnel 
not previously associated with the development of aircraft 
engines. Where the company was once primarily interested 
in graduates with degrees in mechanical and aeronautical 
engineering, it now also requires men with degrees in 
electrical, chemical, and nuclear engineering, and in physics, 
chemistry, and metallurgy. 


Automatic systems developed by instrumentation Included in a wide range of engineering activities open to 
engineers allow rapid simultaneous recording technically trained graduates at all levels are these four 
of data from many information points. basic fields: 


ANALYTICAL ENGINEERING Men engaged in this 
activity are concerned with fundamental investigations in 
the fields of science or engineering related to the conception 
of new products. They carry out detailed analyses of ad- 
vanced flight and space systems and interpret results in 
terms of practical design applications. They provide basic 
information which is essential in determining the types of 
systems that have development potential. 


DESIGN ENGINEERING The prime requisite here is an 

active interest in the application of aerodynamics, thermo- 

dynamics, stress analysis, and principles of machine design 

to the creation of new flight propulsion systems. Men en- 

gaged in this activity at P&WA establish the specific per- 
Frequent informal discussions among analytical formance and structural requirements of the new product 
engineers assure continuous exchange of ideas and design it as a complete working mechanism. 


on related research projects. EXPERIMENTAL ENGINEERING Here men supervise 
and coordinate fabrication, assembly and laboratory testing 
of experimental apparatus, system components, and devel- 
opment engines. They devise test rigs and laboratory setups, 
specify instrumentation and direct execution of the actual 
test programs. Responsibility in this phase of the develop- 
ment program also includes analysis of test data, reporting 
of results and recommendations for future effort. 


MATERIALS ENGINEERING Men active in this field 
at P&WA investigate metals, alloys and other materials 
under various environmental conditions to determine their 
usefulness as applied to advanced flight propulsion systems. 
They devise material testing methods and design special 
test equipment. They are also responsible for the determina- 
tion of new fabrication techniques and causes of failures or 
manufacturing difficulties. 


Under the close supervision of an engineer, 
final adjustments are made on a rig for 
testing an advanced liquid metal system. 
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Exhaustive testing of full-scale rocket engine thrust chambers is 
carried on at the Florida Research and Development Center. 


For further information regarding an engineer- 
ing career at Pratt & Whitney Aircraft, consult 
your college placement officer or write to Mr. 
R. P. Azinger, Engineering Department, Pratt & 
Whitney Aircraft, East Hartford 8, Connecticut. 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 
CONNECTICUT OPERATIONS — East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER — Palm Beach County, Florida 
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Opportunities for professional recognition 





If you feel, as we do, that the publication of technical 
papers adds to the professional stature of the individual 
employee and his worth to his company, you will see why 
Allied encourages its people to put their findings in print. 
Some recent contributions from our technical staff are 
shown below. 

It’s interesting to speculate on what you might publish 
as a chemist at one of our 12 research laboratories and 
development centers. The possibilities are virtually limit- 
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SOME RECENT TECHNICAL PAPERS AND TALKS BY ALLIED CHEMICAL PEOPLE 


“What is a Foam?” 
Donald S. Otto, National Aniline Division 
American Management Association Seminar on Polymeric 
Packaging Materials 
“Electrically Insulating, Flexible Inorganic Coatings on 
Metal Produced by Gaseous Fluorine Reactions” 
Dr. Robert W. Mason, General Chemical Research 
Laboratory 
American Ceramic Society Meeting, Electronic Division 
“Gas Chromatographic Separations of Closing Boiling 
Isomers” 
Dr. A. R. Paterson, Central Research Laboratory 
Second International Symposium on Gas Chromatography 
at Michigan State University 
“Correlation of Structure and Coating Properties of 
Polyurethane Copolymers” 
Dr. Maurice E. Bailey, G. C. Toone, G. S. Wooster, 
National Aniline Division; E. G. Bobalek, Case In- 
stitute of Technology and Consultant on Organic 


Coatings 
Gordon Research Conference on Organic Coatings 





“Corrosion of Metals by Chromic Acid Solutions” 
Ted M. Swain, Solvay Process Division 
Annual Conference of the National Association of 
Corrosion Engineers 


“Use of Polyethylene Emulsions in Textile Applications” 


less, because Allied makes over 3,000 products—chemi- 
cals, plastics, fibers—products that offer careers with a 
future for chemists, chemistry majors and engineers. 
Why not write today for a newly revised copy of “Your 
Future in Allied Chemical.” Or ask our interviewer 
about Allied when he next visits your campus. Your 
placement office can tell you when he’ll be there. 


Allied Chemical, Department 26-R2 
61 Broadway, New York 6, New York 





SIGI lS B i S lta ct Ri ti 


“TIsocyanate Resins” 
~~ Leslie M. Faichney, National Aniline Division 
Modern Plastics Encyclopedia 
“Concentration of Sulphide Ore by Air Float Tables— 
Gossan Mines” 
~ R. H. Dickinson, Wilbert J. Trepp, J. O. Nichols, 


General Chemical Division 
Engineering and Mining Journal 





“Urethane Foams” 
Dr. Maurice E. Bailey, National Aniline Division 


For publication in a book on modern plastics by 
Herbert R. Simonds 





“The Booming Polyesters” 


James E. Sayre and Paul A. Elias, Plastics and Coal 
Chemicals Division 
Chemical & Engineering News 
“7’, 2’, 4’—Trimethoxyflavone” 
Dr. Sydney M. Spatz and Dr. Marvin Koral, Na- 
tional Aniline Division 
Journal of Organic Chemistry 


“Physical Properties of Perfluoropropane” 


James A. Brown, General Chemical Research Lab- 
oratory 





Journal of Physical Chemistry 


“Sulfur Hexafluoride” 








Robert Rosenbaum, Semet-Solvay Division 
D. D. Gagliardi, Gagliardi Research Corporation 


American Association of Textile Colorists & Chemists 


Dr. Whitney H. Mears, General Chemical Research 


Laboratory 
Encyclopedia of Chemical Technology 
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Faculty Profile. . . 


PROFESSOR 
MICHEL G. MALTI 


by Richard A. Wolff, EP °62 


Professor M. G. Malti of the 
School of Electrical Engineering 
has distinguished himself both by 
his work as an educator and by his 
contributions to electrical theory 
and applied mathematics. Anyone 
who has taken a course under him 
will agree that his teaching meth- 
ods are unconventional and yet 
effective. He has written a number 
of significant books and articles 
dealing with the applications of 
physics and mathematics to elec- 
trical theory. As an engineer, he 
has done considerable work on 
dielectrics, circuit analysis, and the 
analysis of rotating machines. 

The story of Professor Malti’s 
rise to his present eminent position 
in electrical engineering is a very 
unusual one, He was born at Deir- 
ul-Kamar, Lebanon, the son of a 
pharmacist, Although his father 
wanted him to study medicine, he 
decided to take up engineering. He 
attended the American University 
of Beirut and received the A.B. de- 
gree in 1915. His next goal was to 
earn enough money to finance his 
trip to America, where he was to 
begin his study of engineering. He 
spent one year teaching in the 
preparatory department of the Am- 
erican University of Beirut. The 
school, Professor Malti says, was 
similar to many American schools 
in that discipline rather than study 
was emphasized. Commenting on 
this experience, Professor Malti 
stated, “After one year of this, I 
swore I would never teach.” 

He also found that teaching 
school was not helping him save 
money toward his trip to America. 
Professor Malti relates that his next 
job was that of secretary of a turf 
club organized by the occupying 
forces in Lebanon after World War 
I. Under the previous secretary, 
the parimutuel of the club had con- 
sistently accomplished the mathe- 
matical impossibility of losing mon- 
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ey. Having gained a reputation for 
honesty, Malti was selected as the 
new secretary. 


He soon earned enough at the 
turf club to finance his trip to Am- 
erica. He joined the cooperative 
program at Georgia Institute of 
Technology. Professor Malti em- 
phasizes that his experience in the 
cooperative program was invalu- 
able. He had come from an un- 
mechanized country and the pro- 
gram offered him his first contact 
with industrial machinery. 

By the time he had received his 
B.S. in E.E. degree from Georgia 
Tech, the money he had saved in 
Lebanon had run out. Seeking 
work in the Atlanta area, he was 
referred to a local architect who 
was in charge of surveying a tract 
of land. Professor Malti relates that 
although he didn’t know it at the 
time, the land was owned by the 
Ku Klux Klan and was to be sub- 
divided into building lots and sold 
to Klan members. Despite the fact 
that foreigners were not officially in 
the good graces of the Klan, Malti 
remained on the project all sum- 
mer. Impressed by the young engi- 
neers diligent work, the architect 
in charge of the project offered to 
go into partnership with him. But, 
still wanting to continue his study 
of engineering, Malti refused the 
offer. 


Having saved $350 from his sum- 
mer’s work, he wrote to the gradu- 
ate school at Cornell. His letter was 
referred to Rev. John D. Fetter of 
Cornell United Religious Work, 
who advised him to stay in Georgia 
until he had saved at least $1000 
for a year’s study at Cornell. Less 
than a week later, Malti walked in- 
to Rev. Fetter’s office. Admiring his 
courage, the clergyman helped him 
to get work which allowed him to 
support himself for a year. The 
next year he became an instructor 


Buzzell Photography 
Professor M. G. Malti 


and was thus afforded a steady in- 
come. 

He received his M.E.E. degree 
from Cornell in 1925 and his Ph.D. 
in 1927. Since that time, he has 
written texts on electrical circuit 
analysis and Heaviside operational 
analysis as well as some thirty 
papers representing his research in 
various fields of electrical engineer- 
ing. Professor Malti was recently 
elected a fellow of the American 
Institute of Electrical Engineers 
“... for contributions to electrical 
engineering education through his 
teaching and publications.”, 

Although Professor Malti is as- 
sociated with the College of En- 
gineering, he takes the liberal arts 
point of view toward education. 
The ideal university, he believes, is 
one in which all students are re- 
quired to take courses designed to 
develop their thinking. According 
to Professor Malti, the well-edu- 
cated man is the one who has a 
well-disciplined mind. Such a per- 
son, he feels, could educate himself 
in any field, following the curricu- 
lum set for that field. 

Professor Malti stresses that, in 
his courses, he tries to teach disci- 
plines rather than subjects. He is 
not interested in teaching the facts 
involved, but only the methods of 
thought used, He emphasizes the 
importance of accuracy in all engi- 
neering computations, Through his 
lectures and problem sets, he also 
attempts to destroy the young en- 
gineer's fear of long equations. 
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Robert K. ‘‘Buck”’ Moffett, University of Ala- 
bama ’55, knows from personal experience the 
opportunities engineering journalism can offer. If 
you’re interested in growing within your chosen 
field, he’s the man for you to contact. 
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“Wwe need... 


men who can write... or learn to write; cover fast-breaking 
news around the world; develop into editors running top 
business and engineering magazines.”’ 


“Buck” Moffett is looking for engineering graduates 
who can come up as fast in business and technical 
journalism as he did himself. 

Buck was trained on Business Week, Factory, and 
Fleet Owner, handling everything from rewrite to field 
assignments. With experienced McGraw-Hill editors 
to show him how, he rose rapidly from trainee to 
assistant editor to associate editor to managing editor 
of Fleet Owner. 

Now Assistant to the Editorial Director of McGraw- 
Hill, he’s looking for engineering graduates who want 
to rise to the top of their industry—in publishing. 

This is no job for the engineer who wants to spend 
his life in a corner on one part of one project. You work 
with the new... the experimental... the significant. 

It will be up to you to interpret today’s advanced 
developments for thousands of readers. Whichever 
McGraw-Hill magazine you’re assigned to, an indus- 
try will be looking to you for the word on the latest 


ROBERT K. MOFFETT 
Assistant to the Editorial Director 
McGraw-Hill Publishing Company 


in that field—and what it may mean. 

In line with this, you may also be interested in the 
McGraw-Hill Tuition Refund Plan. All of our editors 
have the opportunity to continue their education in 
their chosen fields. The company pays half the cost. 
Physics, economics, aerodynamics—whichever will 
help you go the furthest in your career. 

Is writing experience required? It helps, but if you 
like to write—and engineering is your profession— 
that’s the main thing. 

Buck Moffett will cover as many colleges as he can 
in person. Ask your placement director when he’ll be at 
yours. If he hasn’t been able to get your campus on his 
itinerary, write direct.Tell us about your background, 
college record, outside activities and why you would 
be interested in a career in engineering journalism. 

Write to: Assistant to the Editorial Director, 
McGraw-Hill Publishing Company, Inc., 330 West 
42nd Street, New York 36, New York. 


ax, McGraw-Hill 
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McGRAW-HILL PUBLISHING COMPANY, INC., 330 WEST 42nd STREET, NEW YORK 36,N.Y. 
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“The objects of this Society are to promote the welfare of the College of Engineering at Cornell University, 
its graduates and former students, and to establish closer relationship between the College and its alumni.” 





THE PRESIDENT’S LETTER— 


ETHICS 


Many words have been both spoken and written on 
a given subject, but judging by the progress, to date, 
it would appear that a few more would be appropriate. 
The portion of the ethical question that I will discuss 
is the one which pertains to competitive bidding for 
Engineering services. Possibly, being in the Consulting 
Engineering branch of the profession myself, I have 
had the benefit of observing, first-hand, the pros and 
cons of the so-called “commercial” approach vs, the 
“professional” approach in the selection of Engineering 
Firms to carry out projects by different clients. 

Many industrial firms and Government ¢g groups, when 
under the control of financiers or others that have not 
had any real experience in Engineering projects, think 
that they can easily save their company, or agency, 
money by obtaining three or more prices on Architec- 
tural or Engineering design fees per project. What 
they fail to realize is that up to a reasonable limit, the 
more time and effort that a professional man spends on 
a project, the lower the total project will ultimately be. 
Having had the opportunity of studying the plans pre- 
pared by other Engineering firms which had obtained 
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their contracts on a price basis, and, in other, even 
more unfortunate, cases of having studied the con- 
struction after it may have failed, it becomes more 
obvious to me that for every dollar saved, $1.00 to 
$1,000 extra may ultimately be required. In many cases 
purchasing agents for many corporations are far more 
interested in showing their superiors that they have 
followed out the prescribed regulations for competitive 
pricing than they are in what the ultimate project cost 
will be. We can also find Engineers (working for cor- 
porations ) who are hard-put to sell the head of their 
division on the fact that Engineering for certain proj- 
ects may cost, in terms of percent of construction costs, 
five times that of a previous project of a different 
nature. It is up to all Engineers to help progressively 
educate the appropriate people so that ultimately all 
people in sensitive positions will eventually understand 
the fallacy of saving $1.00 today and spending $10.00 
extra tomorrow. Unfortunately, from the appearance 
of progress to date, the education will be a long period. 

STEPHEN D. TEETOR °43 

President 
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William J. Zabel, C.E. ’14, re- 
tired in October after forty-five 
years with the New York State De- 
partment of Public Works. His job 
included the operation and mainte- 
nance of the Rochester area’s 80 
miles of canals and flood control. 
The District Engineer described 
him as “one of the outstanding men 
in canal work in New York State.” 
He added that Mr. Zabel’s knowl- 
edge of the canal system “is phe- 
nomenal.” 


Gordon B. Lankton, B.M.E. 53, 
has recently joined the Stanley 
Chemical Co., East Berlin, Connec- 
ticut, as sales and technical engi- 
neer. Mr. Lankton is in charge of 
the sales, engineering, and produc- 
tion of the precision plastic injec- 
tion molding business of the com- 
pany. Previously he was a plastics 
technologist with E. I. du Pont de 
Nemours. Mr. Lankton did his serv- 
ice as a first lieutenant with U.S. 
Army Ordnance in Germany, where 
he attended Goethe University in 
Frankfort. He has also done grad- 
uate work at the University of 
Delaware. 


John O. Brown, E.E. °45, has 
been appointed manager of the 
new Birmingham, Alabama, district 
office of the I-T-E Circuit Break- 
er Company. In his new capacity, 
Mr. Brown will handle sales of the 
Company's electrical products in 
Alabama and northwestern Florida. 


John O. Brown 
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Before assuming the I-T-E post, 
Mr. Brown spent seven years as a 
field application engineer with 
Joseph W. Eshelman & Company 
in Birmingham, He attended both 
Princeton University and Cornell, 
receiving the B.E.E. from Cornell 
in 1945. He served in the United 
States Navy during World War II. 
Mr. Brown is a member of the As- 
sociation of Iron and Steel Engi- 
neers. 


John L. Patterson, Chem. E. ’36, 
is now assistant manager of film 
manufacturing for the Eastman Ko- 
dak Company. Mr. Patterson joined 
the Company at its chemical plant 
at the Kodak Park Works in Roch- 
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John L. Patterson 


ester in 1936. In 1943, he moved to 
Oak Ridge, Tenn., where he be- 
came superintendent of the Chemi- 
cal Division of Clinton Engineer 
Works, which is an affiliate of Ko- 
dak’s Tennessee Eastman Division. 
After returning to Rochester in 
1947, Mr. Patterson was appointed 
assistant superintendent of the 
Chemical Manufacturing Division. 
He was transferred to the same po- 
sition in the Photochemical Divi- 
sion in 1954 and has been serving 
as assistant manager of film manu- 
facturing since 1955. 


Harold C. Yost, B.M.E. ’45 and 
M.M.E. ’49, has been appointed as 
director of reliability for the Mil- 
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Harold C. Yost 


waukee operations of the AC Spark 
Plug Division of General Motors. 
Mr. Yost comes to this new position 
after working with the Thor missile 
and with Ramo-Wooldridge Cor- 
poration of Los Angeles. 


Colonel Carroll K. Moffat, C.E. 
'27, of the United States Army re- 
cently ended his military career 
after thirty years of service. Upon 
his retirement he was awarded the 
Legion of Merit medal for his out- 
standing services in the varied po- 
sitions in which he has served. The 
award was presented by Brigadier 
General Robert C. Tripp, com- 
manding officer of the Army’s 
Transportation Terminal Com- 
mand. 

Colonel Moffatt received his 
commission in the Army Reserve 
from the University Reserve Offi- 
cers Training Corps and entered ac- 
tive duty in 1940. During World 
War II, he established the first 
Army posts in New Guinea. After 
the war he served as chief of the 
Economic Defense Division with 
the Seventh Army in Europe. Re- 
turning to the United States, he 
took over command of the Bay 
Area Transportation Terminal Cen- 
ter, which operated all Army ports 
in California, At his retirement, the 
colonel was deputy commander of 
the Army Transportation Terminal 
Command, Pacific, with headquar- 
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ters at Fort Mason, California. He 
had held the post since 1950, 


William E. Blewett, Jr., M.E. ’18, 
President of the Newport News 
Shipbuilding and Dry Dock Com- 
pany, was recently honored by his 
firm for forty years of continuous 
service. He began his employment 
in August, 1919, in the engine- 
drawing room. He served as assist- 
ant to the president from 1930 to 
1936, as production manager from 
1936 to 1947, and as executive vice 
president from 1947 until January, 
1954, when he was elected presi- 
dent of the Company. 


Captain B. Otto Roessler, C.E. 
31, of the United States Navy has 
been transferred from Pensacola, 
Florida to Great Lakes, Illinois, 
where he is deputy district public 
works officer and deputy officer in 
charge of construction for the 
Ninth Naval District. 


Robert F. Boehm, M.E. ’51, has 
been appointed staff engineer at the 
Owego, N.Y. facility of IBM’s Fed- 
eral Systems Division. Having 
joined IBM in 1954, Mr. Boehm has 


done work in the areas of develop- 
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ment, physical research, systems re- 
search, patent engineering, and sys- 
tems analysis. 


Richard E. Coykendall, M.E. 51, 
was a co-author of two papers pre- 
sented at national conferences. “Jet 
Transport Problems during Takeoff 
and Landing” was the title of one 
of his papers, which was presented 
at the Society of Automotive Engi- 
neers national aeronautical meeting 


in New York. The other paper, 
“Runway Lengths for Jet Trans- 
ports,” was presented at the second 
jet-age airport conference of the 
American Society of Civil Engineers 
held in Houston, Mr. Coykendall 
is an aeronautical engineer with 
United Air Lines in San Francisco. 


Edward W. Carson, C.E. 33, was 
recently promoted to manager of 
Philadelphia Electric Company's 
Service Operations Department. He 
joined the Company in 1935 as a 
cadet engineer and worked his way 
up to become general superintend- 
ent of the Appliance Service Di- 
vision, and, most recently, assistant 
manager of the Service Operations 
Department. 


D. R. Pulver, Chem.E. ’51, has 
been appointed technical superin- 
tendent of the Belle, West Virginia 
plant of the Diamond Alkali Com- 
pany. After joining the Company 
in 1952, he was assigned to the 
technical staff of the Company’s di- 
vision in Cleveland, Ohio. 





Correction: December, 1959; 
Alumni Engineers. John C. Gibb, 
M.E. °24, works for the Socony 
Mobil Oil Company, Inc. 





To students who want to be 
SUCCESSFUL highway engineers 


There’s a real need for qualified men in America’s 
100 billion dollar highway program. It’s a big job. 
For example, for the new Interstate Highway Sys- 
tem alone, 35,000 miles are still to be built. 


Choice assignments await engineers at every level. 
They will go to the men who prepare for them. 


As part of that preparation, you must have basic 
material on Asphalt Technology. For if you don’t 
know Asphalt, you don’t know your highways. 
Asphalt is the modern paving for today’s and 
tomorrow’s roads. Asphalt surfaces more than 
4/5ths of all roads and streets in the country. 


We have put together a special student portfolio 
to meet that need for information on Asphalt. It 
covers the Asphalt story, origin, uses, how it is 
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specified for paving . . . and much more. It is a 
worthwhile, permanent addition to your profes- 
sional library. 


It’s yours, free. Send for it today. Prepare now for 
your future success. 


THE ASPHALT INSTITUTE 


Asphalt Institute Building, College Park, Maryland 


Gentiemen : 
Please send me your free student portfolio on Asphalt 
Technology. 


NAME 





ADDRESS 





CITY 





SCHOOL 
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MISSILE SYSTEMS : 
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e A missile’s main engine runs only for a few 
seconds. To supply electric and hydraulic power for 
control during the entire flight a second power plant 
is necessary. The AiResearch APU (accessory power 
unit) which answers this problem is a compact, non 


air-breathing, high speed turbine engine. The unit 
pictured above develops 50 horsepower and weighs 
30 pounds. The acknowledged leader in the field, 
AiResearch has designed, developed and delivered 
more accessory power units than any other source. 


EXCITING FIELDS OF INTEREST 
FOR GRADUATE ENGINEERS 


Diversity and strength in a company offer the 
engineer a key opportunity, for with broad knowl- 
edge and background your chances for responsibil- 
ity and advancement are greater. 

The Garrett Corporation, with its AiResearch 
Divisions, is rich in experience and reputation. Its 
diversification, which you will experience through 
an orientation program lasting over a period of 
months, allows you the best chance of finding your 
most profitable area of interest. 

Other major fields of interest include: 
¢ Aircraft Flight and Electronic Systems — pioneer and 
major supplier of centralized flight data systems 


and also other electronic controls and instruments. 


* Gas Turbine Engines — world’s largest producer of 
small gas turbine engines, with more than 8,500 
delivered ranging from 30 to 850 horsepower. 


¢ Environmental Control Systems — pioneer, leading 


developer and supplier of aircraft and spacecraft air 


conditioning and pressurization systems. 

Should you be interested in a career with The 
Garrett Corporation, see the magazine “The Garrett 
Corporation and Career Opportunities” at your 
College placement office. For further information 


write to Mr. Gerald D. Bradley... 
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AiResearch Manufacturing Divisions 
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Los Angeles 45, California * Phoenix, Arizona 


When writing to advertisers please mention the CORNELL ENGINEER, 


Systems, Packages and Components for: AIRCRAFT, MISSILE, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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is Bs: am rome  —— 
D. J. Dumin (E.E.°57) earned his degree at Johns Hopkins. An Associate Engineer at IBM, he is doing original work in the 
design and testing of thin film circuits. Two of his ideas in this field have been filed upon for patents. 
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HE’S WORKING TO GIVE OLD 
METALS A NEW FUTURE 


The metals now being utilized in thin film development have 
been known and used for centuries. But dormant within these 
metals has been their quality of superconductivity at extremely 
low temperatures. Only when researchers were able, with 
great ingenuity, to create certain relations between metals 
and changes in their basic structures, could these supercon- 
ducting qualities be utilized. But much remains to be done 
at this moment, especially in the application of thin metallic 
films to practical working devices. 


Development Engineers at IBM are at work daily on the 
problem. They envision the replacement of today’s electronic 


logic elements with modules of amazing responsiveness, dura- 
bility, and simplicity. The extremely small size of these modules 
and their low power requirements will be important factors 
in shaping the electronic systems of the future. 


: Closely allied on this work are engineers of practically every 
& specialty. Only by bringing the talents and abilities of people 

| of many fields to bear on the unique problems of thin film devel- 
: opment, will progress be consistent with objectives. Engineers 
at IBM expect to obtain these objectives, and once they are 
‘SRE obtained, to set new ones. 





* ™ If you think you might be interested in undertaking such truly 
“a =vital and interesting work, you are invited to discuss your 
future with IBM. 





Our representative will be visiting your campus soon. He will 
be glad to talk with you about the many opportunities in vari- 
ous engineering and scientific fields. Your Placement Director 
can give you the date when our representative will next visit 


IBM. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 


your Campus. 


For further information about opportunities at IBM, write, outlining your 
background and interests, to: Manager of Technical Employment, Dept. 
844, IBM Corporation, 590 Madison Avenue, New York 22, New York. 
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COLLEGE NEWS 


Edited by R. A, Stern, EE ’63 





E.E. SCHOOL INTRODUCES MATH 
PROGRAM FOR SELECTED STUDENTS 

The electrical engineering fac- 
ulty has recently passed a resolii- 
tion which will allow selected stu- 
dents to take a special program in 
mathematics while completing the 
normally required subjects in the 
curriculum, The new program will 
give the engineer a sounder basis 
in math, which is always desirable 
if not possible in the years in 
school. 

Engineers who, in their third 
term, have cumulative averages 
higher than 80 may elect the spe- 
cial program. It consists basically 
of the math 612-616 series and 
other small additions to the basic 
program. For the students electing 
the course, the math series is added 
and machine design 3341, fluid 
mechanics 2331, and E.E. 4114 are 
omitted. This results in a gain of 
five non-elective hours which may 
be taken from the free or technical 
elective category. 

In the special program, the total 
credit hours in physical chemistry 
and engineering materials remain 
the same as in the regular curricu- 
lum, but the division is different. 
The omission of fluid mechanics is 
to be partially made up by arrang- 
ing the schedule of the fourth term 
so that students in the special pro- 
gram take the course in dynamics 
1152 which is taught to engineering 
physics students. This version of 
1152 includes four weeks of work 
in fluid mechanics to make up for 
the elimination of the 2331 course. 
In addition, engineers in this pro- 
gram may elect to take mechanics 
of continua, 8131, in the tenth 
term which also includes work in 
fluid mechanics. Course 8131 re- 
quires math 616 as a prerequisite. 

In particular, the basic course 
will be changed as follows: ther- 
modynamics 3630, which is nor- 
mally given in the fourth term, will 
be given in the fifth term in the 
special program; phy sical chemis- 
try 401 will be given as physical 
che mistry 402 in the fourth term 
along with math 612. Materials 
1241 will be deleted and materials 
1201 will be given instead in the 
seventh term. Three non-technical 
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elective hours will be removed 
from the fifth term and added to 
the last two terms to allow for 
math 613. 

The Faculty Committee assumes 
that those who elect the new pro- 
gram expect to complete it. How- 
ever, in the event that the student 
is forced to drop out of the pro- 
gram for any reason, he will have 
no difficulty in fitting into the regu- 
lar program again. Those subjects 
which have been deleted up to the 
date of dropout will be made up 
of free hours in later terms. Stu- 
dents who have “invented” an ad- 
vanced program for themselves be- 
fore the introduction of the new 
program will be able to enter it 
officially at the level of their 
achievement. 


TAU BETA PI HONORARY 
HOLDS FALL ELECTIONS 

Tau Beta Pi, the engineering 
honorary society, recently elected 
new members to its ranks, The 
honorary’s purpose is to recognize 
leaders in scholarship, industry, 
and education. 

Those elected from the Class of 
1960 were F. W. Ballou, L. M. 
Holmes, A. R. Newhouse, C. W. 
Stewart, all EE’s; J. A. Braff, R. C. 
Metzger, R. W. Robinson, all ME’s; 
M. C. Deibert, C. R. Fox, N. T. 
Joyner, all ChemE’s; R. A. Han- 
delsman, R.G, Seybold, EP’s; and 
M. Lehman and A. Mauri, archi- 
tects. 

Honor students elected from the 
Class of 1961 were P.J. Mode, Jr., 
ME; and R. S. Queener, CE. 

An initiation was held in Decem- 
ber in Phillips Hall, after which 
there was a banquet. Dr. T. P. 
Wright, vice president for research, 
was the guest speaker. 


ELECTRICAL ENGINEERING 
HONORARY HOLDS ELECTIONS 
Eta Kappa Nu, the electrical en- 
gineering honorary, held its elec- 
tions recently. Active in both the 
town of Ithaca as well as in the 
University, the members are con- 
ducting a course evaluation pro- 
gram in the EE school, have spon- 
sored a lecture series in science 
and math for Ithaca High, and are 


also in charge of many student- 
directed activities in the EE school. 
New members elected were F. W. 
Ballou, P. B. Bowman, G. A. 
Chayt, E. B. McCrohan, and T. H. 
Roelofs, all of the Class of 1960 
and D. A. Berkley, J. B. Frazer, D. 
Sargent, and W. M. Wichman, all 
of the Class of 1961. 


N.Y. ACADEMY OF SCIENCES 
ELECTS JOHNSON FELLOW 

John R. Johnson, Todd professor 
of chemistry, has been elected a 
fellow in the New York Academy 
of Sciences. Election to fellowship 
in the Academy is conferred upon 
a limited number of members who, 
in the estimation of the Scientific 
Council, have done outstanding 
work toward the advancement of 
science. 

Professor Johnson is a leading 
expert in organic chemistry. He has 
done work with organo-boron com- 
pounds, ketene and furan deriva- 
tives, and the structure of the anti- 
biotic, gliotoxin. His most recent 
work has been in the field of bio- 
synthesis of natural rubber. He is 
the author of numerous articles and 
co-author of a monograph, “The 
Chemistry of Penicillin,” a report 
on all the research done in this 
field during the war, 

Professor Johnson graduated 
from the University of Illinois and 
received the M.S. and Ph.D. de- 
grees there. He taught there for 
three years before coming to Cor- 
nell in 1927 as an assistant profes- 
sor, He was promoted to professor 
in 1930 and was named Todd pro- 
fessor in 1952. He is a member of 
the National Academy of Sciences. 


DONALD H. MOYER STRESSES 
QUALITY IN ENGINEERING 
According to Donald H. Moyer, 
director of the Office of Student 
Personnel, College of Engineering, 
an engineering degree is no longer 
a passport for college graduates to 
executive-sized jobs and salaries. 
Director Moyer said, “An engi- 
neering degree per se is no longer 
an open sesame to a good job.” He 
said that at one time the intense 
competition for engineering grad- 
uates which developed caused 
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many companies to train liberal 
arts graduates to fill jobs previ- 
ously held by engineers. Many 
companies hired technicians to fill 
such positions. The demand for 
high quality engineers began in 
1958, he pointed out, during the 
recession when work slow-downs 
and layoffs resulted in industry re- 
taining only those of the highest 
calibre. 

Director Moyer said he feels that 
the recent belt tightening by search- 
ing industries may result in an even 
more competitive atmosphere at 
Cornell. The companies are placing 
more and more emphasis on the 
quality of training, he said. 

“Again this year, men in the top 
half of the class will have few if 
any placement problems,” he pre- 
dicted. “The below average student 
will get a job, but it may not be 
exactly the job he wants, or where 
he wants it, and to get it he may 
have to take the initiative and 
go beyond the confines of Cor- 
nell’s Placement Office interview- 
ing rooms.” 

An alternate outlook appears, 
however, when evaluating our 


present and future business trends. 
An accelerated economic expansion 
program could again shoot the de- 


mand for engineers skyhigh, he 
said, and if this country’s business 
recovery is at all above average, 
the lucrative offerings to graduat- 
ing engineers will once again occur. 

In the meantime, an independ- 
ently conducted survey shows that 
Cornell engineering graduates may 


University News 
Professor J. R. Johnson, Todd professor of 
chemistry, was recently elected a fellow 
of the New York Academy of Sciences. 
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have less to fear than their coun- 
terparts at other engineering 
colleges or universities. Results 
indicate that Cornell's five-year 
curriculum is paying dividends for 
graduate engineers in that starting 
salaries for Cornell-trained engi- 
neers more than offset the one-year 
headstart at working experience 
that graduates of other engineering 
schools get because of four-year 
courses. 


PARRATT RECEIVES GRANT 
FOR X-RAY SPECTROSCOPY 

The Air Force and the National 
Science Foundation have granted a 
total of $224,600 for continuation 
of x-ray spectroscopy work being 
carried out under the supervision 
of Professor Lyman G, Parratt, re- 
cently appointed chairman of the 
physics department. 


Photo Science 

Donald H. Moyer, director of the Office 

of Student Personnel, has predicted that 

industry will become more selective in 
procuring engineering graduates. 


Professor Parratt called the grant 
for “off-beat” basic research a grati- 
fying step in the right direction. He 
pointed out that much of the tech- 
nological progress made in recent 
years has been based on just this 
type of fundamental “off-beat” re- 
search. He cited photography, the 
telephone, radar, and the atomic 
bomb as typical of accomplish- 
ments that were preceded by basic 
research performed many years be- 
fore the corre sponding gadge try 
was ever invented or put into pro- 
duction. He pointed out that when 
engineers are forced to develop 
technology in the absence of funda- 
mental scientific knowledge, “the 
work proceeds slowly and is char- 
acterized by very costly mistakes.” 


Joel Kreiner 

Professor L. G. Parratt, chairman of the 

physics department, has received a grant 

for the continuation of X-ray spectroscopy 
research. 


Professor Parratt pointed out 
that although very few people ex- 
cept professional physicists have 
heard of X-ray spectroscopy, it is 
one of the research fields that made 
the Cornell University physics de- 
partment world-famous decades 
ago. 

The field is characterized as one 
in which there are no immediate or 
direct applications outside of basic 
science itself. Professor Parratt 
said that this feature of the work 
has its advantages as well as its 
disadvantages; X-ray spectroscopy 
attracts only intensely dedicated 
researchers who prefer to work in 
relative obscurity, he said. “But the 
importance of such work, both to 
basic science and to our technology 
in general is beyond doubt, as can 
be judged by the support repre- 
sented by these two grants,” Pro- 
fessor Parratt said. 

Professor Parratt said that he 
and his colleagues are engaged in 
two general tasks. First, he said, 
his group is studying the inade- 
quacies of the conventional X-ray 
energy level diagrams for gaseous 
liquid and solid materials, and that 
they are seeking a better type of 
understanding based on a so-called 
many-electron view of the dy- 
namics of atomic behaviour. The 
second phase of his research con- 
cerns the physical and chemical 
structure of solid surfaces, The 
Cornell research group has devel- 
oped a new method of study based 
on the reflection of X-rays from 
surfaces. 


ENGINEER LECTURES ON NEW 
THERMOELECTRIC DEVICES 


In a lecture jointly sponsored by 


the Cornell branches of the AIEE 
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Could This Be You? ? 


HRB engineers are in continual and productive 
liaison with America's defense agencies. 


Here is the rare opportunity to expand your knowledge while making 
a significant contribution in the military research and development 
area. As a member of an HRB project team, you may become an 
important figure at every level of creative engineering—from con- 
ception through development. Some of the most challenging military 
problems, including enemy surveillance and new missile tracking 
techniques, have been solved through the cooperative research of 
many engineering minds at HRB. Rapid advancement, congenial 
small town living, company-paid graduate study at The Pennsylvania 
State University—all these are elements that lead to a rewarding 
career in applied research with HRB. 

If you want to be a part of the challenging activities going on in 
military and industrial electronic research, the man pictured above 
could very well be you. 


TECHNICAL APPOINTMENTS ARE BEING MADE IN THE FOLLOWING 
AREAS: Communications « Countermeasures ¢ Reconnaissance ¢ Intelligence e Human 
Factors © Weapons Systems Studies and Analysis ¢ Nuclear Physics ¢ Antenna 
Systems © Astrophysics © Operations Research, 


Write in confidence: Personnel Department R-5, HRB-Singer Inc. 
Indicate your interests along with a resume—an interview will be 
planned accordingly. 


SINGER 
HRB-SINGER, INC. 
H| KR [:} A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 


Science Park, State College, Pa. 





and the IRE, Mr. James Caroll of 
Westinghouse spoke on the scien- 
tific principles behind the thermo- 
electric effect and the use of ther- 
mocouples in refrigeration. 

Briefly, the thermoelectric effect 
is evidenced when a voltage is 
generated due to a thermal gradi- 
ent across two dissimilar conduc- 
tors. While this effect was discov- 
ered during the 1800's, it did not 
come to any use until this century. 
Its most common application is in 
the form of a temperature indi- 
cator. However, because of the 
problems caused by heat and re- 
sistance losses and by inadequate 
materials, the thermoelectric effect 
has found few other uses. 

It has recently been found that 
the process may be reversed to pro- 
vide either heating or cooling upon 
the application of a polarized volt- 
age. In order to produce a cooling 
effect, the materials involved at the 
joints must have low electrical re- 
sistance, high thermoelectric volt- 
age, and low heat conductivity. A 
figure of merit based on these vari- 
ables is used to rate materials. It 
was discovered that semiconduc- 
tors are, on the average, better ma- 
terials for thermocouples than most 
other metals like copper or steel. 
Also, if two different types of semi- 
conductors are used (n- and p- 
types), the figure of merit is much 
higher than with similar-type semi- 
conductors. The net cooling effect 
of n-p type of thermocouple is de- 
pendent on the thermoelectric ef- 
fect, on i?R losses, and on a thermal 
heat flow rate, as are all such units. 
The demonstration units clearly 
showed how the effects acted to 
produce heat and cold as well as 
some very compact refrigeration 
units which can be made small be- 
cause the cooling units may be 
paralleled and used to aid each 
other. Mr. Caroll commented that 
the present lack of these products 
on the market is still due in part 
to materials shortages and com- 
petitive prices of electric or gas 
refrigerators. The demonstration 
units shown operated on direct cur- 
rent of from 20 to 80 amp and 2 
to 4v, One of the more interesting 
demonstrations was a clock-radio 
controlled bottle warmer which 
first cools the formula, then heats 
it to temperature and rings an 
alarm when it is time to feed the 


baby. 
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what a 


Earth’s attraction for a 
lightning bolt? 


+ or —, which is up? 
A resonant phenomenon? 
A singularity in a field? 


What is the nuclear “glue” 
for like charges? 


A better comprehension of charge 
is important to Allison because 
energy conversion is our business 
and charge is one keystone for this 
conversion work. Thus we have a 
deep and continuing interest in elec- 
trons, protons, positrons, neutrons, 
neutrinos—charge in all its forms. 





In its investigations, Allison calls 
upon the capabilities within General 
Motors Corporation and its Divisions, 
as well as the specialized talents 
of other individuals and organ- 
izations. By applying this systems 
engineering concept to new re- 
search projects, we increase the effec- 
tiveness with which we accomplish 
our mission—exploring the needs 
of advanced propulsion and weap- 
ons systems. 








F Want to know about YOUR opportunities on 
. the Allison Engineering Team? Write: Mr. R.C, 
° Smith, College Relations, Personne! Dept. 


Energy conversion is our business > : L y y 1S Oo Ay 


Division of General Motors, 
Indianapolis, Indiana 
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GRINNELL 


RIGHT FROM THE START 


When piping costs come close to the 
million mark — when the installation is 
vast, and the leeway for error is small— 
a piping job must be right from the 
start to finish. Grinnell assures this 
through complete one-company control 
and responsibility. From interpretive 
engineering — through exclusive meth- 
ods of prefabrication and testing of pipe 
and hanger units — to precision assem- 
bly and delivery, the job is all done by 
Grinnell, as only Grinnell can do it. The 
result: installations of any size, at costs 
known before you start, with assured 
performance. Grinnell Company, Inc., 
Providence, R. I. 

Current Grinnell piping responsibilities. 
Enrico Fermi Atomic Power Plant, Michigan; 
Ohio Power Company, West Virginia; National 
Aniline Division of Allied Chemical & Dye 
Corporation, Virginia; Memphis Light, Gas 
and Water Division, Tennessee; Aluminum 
Company of America, Indiana; South Carolina 
Electric & Gas Company, South Carolina; 
Duke Power Company, North Carolina; Union 
Bag-Camp Paper Corp., Virginia; Pennsylvania 
Power & Light Company, Pennsylvania; Holy- 
oke Water Power Company, Massachusetts. 


ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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...a hand in things to come 


...for a plastic you use every day 


Massive creatures once sloshed through endless swamps, feeding on 
huge ferns, luxuriant rushes and strange pulp-like trees. After ruling for 100 million 
years, the giant animals and plants vanished forever beneath the surface with 
violent upheavals in the earth’s crust. Over a long period, they gradually turned into 

great deposits of oil and natural gas. And today, Union Carbide converts these vast 
resources into a modern miracle—the widely-used plastic called polyethylene. 
Millions of feet of tough, transparent polyethylene film are used each 
year to protect the freshness of perishable foods such as fruits and vegetables. Scores 
of other useful things are made from polyethylene. .. unbreakable kitchenware, alive 
with color . . . bottles that dispense a fine spray with a gentle squeeze . . . electrical 
insulation for your television antenna, and even for trans-oceanic telephone cables. 
Polyethylene is only one of many plastics and chemicals that Union 
Carbide creates from oil and natural gas. By constant research into the basic ele- 


ments of nature, the people of Union Carbide bring new and better products into 
your everyday life. 
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Learn about the exciting work 
going on now in plastics, car- 
bons, chemicals, gases, metals, 
and nuclear energy. Write for 
**Products and Processes’’ 
Booklet H, Union Carbide 

Corporation, 30 E. 42nd St., 
New York 17, N. Y. In Canada, 


Union Carbide Canada Limited, 
Toronto. 
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ENZS 


Manufacturers of Super-Refractories Only 





REFRACTORY CRUCIBLES 
GRAPHITE CRUCIBLES 
HIGH-TEMPERATURE CEMENTS 
SPECIAL REFRACTORY BRICK, TILE, SHAPES 


From the Following Materials:— 


GRAPHITE ——— SILICON CARBIDE FUSED ALUMINA —— MULLITE 
MAGNESIA ZIRCON 
also 
CUSTOM PRODUCERS OF ELECTRICALLY FUSED REFRACTORY GRAINS 


LAVA CRUCIBLE-REFRACTORIES CO. 
PITTSBURGH, PA. 











New Kind of Missile with 
) HIGGINS Inh Cornell Class Ring 


. . carry it with you wherever you go! 


Order Your 


Now! 





Good news for draftsmen! New HIGGINS : 
AMERICAN INDIA INK Cartridge always feeds Solid Gold 
the right amount of ink into ~y and drawing 
instruments. No mess, no waste! * 

Compact, rigid, plastic cartridge fits easily in Double-Faceted Synthetic Ruby 


pocket, purse or drafting sets. 
Stands on table, shelf, desk — won't roll off Men‘s Medium Weight $31 63 


inclined drafting boards! Most oo way 
to fill pens — and so economical! ; 

Heavy Weight 37.40 
Miniature 24.75 


(Tax Included) 


1A INK 
Ys ¥ 





\ HIGGINS 


) Wiel eCnl) 








GIFT DEPARTMENT 





Ask your art or drafting 
supply dealer for this new item. 


HIGGINS 
INK CO, INC. The Cornell Campus Store 


Brooklyn 15, New York 


, The basic pbc Barnes Hall 
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Architect & Engineer: F. A, FAIRBROTHER & GEO. H,. MIEHLS ¢ Consultants: ALBERT KAHN ASSOCIATED ARCHITECTS & ENGINEERS 
Mechanical Contractor: THE STANLEY CARTER Co. 


JENKINS 

VALVES assure reliable, 
economical control 

of Production’s Lifelines 


Cited as one of the nation’s “Top Ten Plants of the Year”, 
Chrysler Corporation’s stamping plant at Twinsburg, Ohio, is 
a 34-acre model of building and manufacturing efficiency. 

Go into the power plant and you will find Jenkins Valves 
everywhere, controlling “production’s lifelines” that supply 
150,000 pounds of steam per hour . . . 30 million cubic feet of 
air per day . . . 7500 gallons of cooling water per minute. Jenkins 
Valves got the job because “every effort was made to install the 
finest mechanical and electrical equipment . . . and to insure 
minimum costs by eliminating excessive upkeep and equipment 
with a short life span”. 

It is a highly significant fact that all building experts and 
operating engineers agree “there’s nothing better than Jenkins 
Valves”. Many will always insist on JENKINS for critical serv- 
ices, and will prefer them for general use. After all, Jenkins 
Valves cost no more! 

When you are buying or specifying valves, remember that 
the best valves are the best assurance of economical service. 
Jenkins Bros., 100 Park Ave., New York 17. 
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In the ultra-modern boiler house shown above, all gen- 
eral service valves controlling pipelines are JENKINS 


JENKINS 


LOOK FOR THE JENKINS DIAMOND ® 


VALVES 22 


Sold Through Leading Distributors Everywhere 
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TECHNIBRIEFS 


Edited by D. J. Martin, ME ’62 





WORLD’S LONGEST CONVEYOR BELT 
HAULS LIMESTONE OVER 5 MILES 

The world’s longest permanent 
cross-country conveyor belt system 
was put in operation recently by 
the Ideal Cement Company. The 
54-mile system carries 1000 tons of 
crushed limestone per hour from 
the Company's Lawrence, Okla- 
homa quarry to its cement mill at 
Ada. 

The new conveyor was engi- 
neered, fabricated, and erected by 
Link-Belt Company and consists of 
seven separate belt conveyors ar- 
ranged consecutively to feed on to 
each other. The conveyor crosses 
two highways and the Frisco and 
Santa Fe railroads. Provision has 
also been made at numerous points 
for passage of cattle and farm 
equipment over the conveyor, 

A single push button puts the en- 
tire 5-mile system in operation. 
When the “start” button is pressed, 
the belt conveyor closest to the 
mill, the discharge end, starts im- 
mediately. After its tail pulley has 
reached about 50 per cent of nor- 
mal operating speed, a relay starts 
the next conveyor in line. This in 
turn starts the one ahead of it, and 
so on, until the first conveyor at the 
quarry end is running at full speed. 
This starting sequence takes about 


five minutes when the system is 
fully loaded. 

In a radical departure from steel- 
supported conveyors, the belts are 
supported by precast, prestressed 
concrete channel stringers span- 
ning 50 feet. In addition to sup- 
porting the conveyor, the stringers 
form a cover over the top of the 
belt. One side of the conveyor is 
curtained by a continuous corru- 
gated aluminum wind guard. The 
stringers rest on precast reinforced 
concrete U-stands. 


NEW LENS FORMULA PROMISES 
COMPLETE COLOR CORRECTION 

A “superchromat” lens, the first 
ever to be corrected for all colors 
of visible light, is promised by an 
improved optical formula devised 
by Dr. Max Herzberger of Kodak 
Research Laboratories. 

The index of refraction of any 
glass varies slightly with the wave- 
length of the light used. In a cam- 
era, this effect, called chromatic 
aberration, causes the images of 
differently colored objects in the 
same position to fall at slightly dif- 
ferent places on the film. Most 
common lens systems can correct 
for chromatic aberration for two 
colors, but the aberration still exists 
for the other colors of the spec- 
trum, 


Link-Belt 


World’s longest permanent cross-country transport belt conveyor system is now hauling 
1,000 tons of crushed limestone per hour over a distance of 5% miles. The system is 
elevated at several points to allow it to pass over highways and railroads. 
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Using special glasses called 
“short flints,” it has been possible 
to correct some triple-element lens- 
es for three colors. The use of 
fluorite in microscope lenses has 
been still more beneficial. But 
fluorite changes its refractive index 
with temperature and does not eas- 
ily lend itself to long focal length 
lenses. 

The application of the new dis- 
persion formula developed by Dr. 
Herzberger allows the design of a 
unit of three lenses called a “super- 
chromat.” With this new type of 
lens, images of all colors are in per- 
fect register. 

The dispersion formula depends 
upon four data for a given kind of 
glass. Given these constants, re- 
fractive indices for any wavelength 
of light can be computed. Two of 
these data, plotted against each 
other, give the curve from which 
the glasses for a “superchromat” 
are chosen. If optical characteris- 
tics of any three glasses fall in a 
straight line on this graph, they 
will form a “superchromat” when 
correctly combined in a lens. 

Kodak scientists have already de- 
signed telescope objectives with a 
“superchromat.” They are now 
working on its use for corrected 
camera lenses and infrared optical 
systems, 


AUTOMATIC TRANSISTOR 
PRODUCTION FORESEEN 

Scientists at the Westinghouse 
research laboratories have taken a 
major step toward the fast, continu- 
ous, completely automatic manu- 
facture of transistors and related 
semiconductor devices. Westing- 
house scientists have constructed 
long ribbons of semiconductor de- 
vices by forming them along the 
surface of long, thin crystals of 
germanium about an eighth inch 
wide and a few thousandths of an 
inch thick. Such construction ap- 
pears to be feasible for the auto- 
matic production of transistors and 
other solid state devices directly by 
machine. 

These devices demonstrate the 
ultimate usefulness of a new meth- 
od for growing germanium, a tech- 
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nique in which the germanium is 
grown as thin, flat continuous 
strips, or dendrites—the exact form 
in which it can be used directly in 
finished semiconductor devices. 

Conventionally, germanium is 
grown as a thick, round ingot that 
requires costly, time-consuming 
processing to produce useful de- 
vices from it. In contrast, devices 
can be constructed directly on the 
smooth, mirror-like surfaces of 
germanium dendrites exactly as the 
material is grown. Germanium den- 
drites have only one preferred di- 
rection of growth, which causes 
them to form rapidly into strips 
about an .125 in. wide and a few 
thousandths of an inch thick. There 
is no known limit to their length. 

Any desired number of devices 
can be built on a single dendrite to 
form a long, continuous strip of de- 
vices. Or, if desired, the individual 
devices can be separated from the 
group simply by cutting the den- 
drite into small pieces, 


THERMOELECTRIC GENERATOR 
INCREASES OUTPUT TENFOLD 

Westinghouse Corporation has 
developed a new thermoelectric 
generator capable of producing ten 
times as much power as any previ- 
ously constructed, 

Weighing 40 lb, the Westing- 
house TAP-100 generator is not on- 
ly the most powerful thermoelectric 
power plant ever devised, but, 
pound for pound, is the most ef- 
ficient and compact device of its 
type for applications other than 
laboratory study. It delivers three 
times as much power per pound 
of weight as any previously an- 
nounced generator, and it transfers 
into a comparatively large-scale 
device the advantages of thermo- 
electric power generation previous- 
ly attained only in smaller units. 

It operates on a gas flame at 
about 850 F. The generator con- 
verts the heat of the flame directly 
into electricity. Typical of thermo- 
electric devices, the power plant 
has no moving parts, Although the 
TAP-100 operates on butane fuel, 
it could easily be modified to use 
gasoline or kerosene. Westinghouse 
scientists are working on an ad- 
vanced version which could be 
fired by nuclear fuel. 

The thermoelectric generator is 
well-suited to military applications. 
Having no moving parts, it could 
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Thermo-lag coating in the Honest John rocket nozzle remains intact even after being 

subjected to deceleration loads of several thousand g’s at impact. By subliming at 

constant temperature, the coating keeps the rocket surface thousands of degrees cooler 
than its surroundings. 


operate in remote regions for 
months without human attention. 


PAINT COMPOUNDS CAN PROTECT 
MISSILES FROM INTENSE HEAT 

Thermo-lag is the name given to 
a family of compounds that are ap- 
plied like paint and reduce and 
control the temperature of mate- 
rials or instruments subjected to 
intense heat. It works on a com- 
pletely different principle from any 
other material currently in use for 
this purpose. 

It dissipates heat by sublimating 
in the same manner that dry ice 
vaporizes. Sublimation is the name 
used to describe the phenomenon 
of evaporation of a solid directly 
into a gas. The phenomenon takes 
place at a certain temperature 
which remains steady regardless of 
the rate of heating encountered. 
With Thermo-lag, this temperature 
can be accurately predetermined 
over a wide range of values. 

Consequently, Thermo-lag can 
be prepared not only to provide 
protection from heat, but to keep 
the temperature of the object being 
protected at a specified level. It 
can also be tailored to meet vir- 
tually any anticipated heat control 
condition. 

“Although Thermo-lag has many 
commercial possibilities, it will be 
used primarily to keep the struc- 
tures of missiles and space craft 
relatively cool while they are being 
exposed to a heat environment of 


thousands of degrees,” according to 
the manufacturer. 

“It additionally is a means of 
greatly reducing the weight of 
rocket motors, either by permitting 
the use of less metal or by making 
it practical to use lighter structural 
materials while maintaining the 
same structural strength.” 


REVERSIBLE TURBINES INCREASE 
NIAGARA POWER CAPACITY 


The amount of power derived 
from Niagara Falls is regulated by 
a treaty with Canada which limits 
the amount of water that may be 
diverted from the falls. The vary- 
ing needs of power in the Niagara 
region allow water available dur- 
ing the evening hours to go to 
waste while more water is needed 
to meet the demands during the 
day. 

Engineers, trying to devise a 
plan to put the surplus water in 
the evening to use, decided to 
pump it out of the river and into 
a reservoir 85 ft above river level. 
To do this, they devised reversible 
pump turbines, that is, turbine gen- 
erator sets that could be run back- 
wards. 

Normally, the turbine wheel is 
spun by water flowing past it and, 
in turn, spins a generator con- 
nected to it by a shaft. In the new 
units now being built, the process 
can be reversed by feeding spare 
electric power into the generator 
and using it as a motor. The motor, 
in turn, spins the turbine back- 
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OF YOUR 
WORKING TOOLS... 


A.W.FABER 

CASTELL 
helps the hand that 
shapes the future 


#9000 CASTELL Pencil 
with world’s finest 
natural graphite that 
tests out at more than 
99% pure carbon. 
Exclusive microlette 
mills process this 
graphite into a drawing 
lead that lays down 
graphite-saturated, 
non-feathering lines of 
intense opacity. Extra 
strong to take needle- 
point sharpness without 
breaking or feathering. 
Smooth, 100% grit- 
free, consistently 
uniform, 8B to 10H. 


#9800 SG LOcCKTITE 
TEL-A-GRADE Holder, 
perfectly balanced, 
lightweight, with new 
no-slip functional grip. 
Relieves finger fatigue. 
Unique degree 
indicating device. 


#9030 imported Refill 
Leads, matching 
exactly #9000 pencil 
in quality and grading, 
7B to 10H, packed in 
reusable plastic tube 
with gold cap. 


A man advancing in 
his career just 
naturally gravitates to 
CASTELL, world’s finest 
drawing pencil. You'll 
be wise to begin now. 


A.W.FABER - CASTELL 


Pencil Co., Inc., Newark 3, N. J. 
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ward and causes the turbine to act 
as a pump, raising water to the 
reservoir. 

As needed, this extra water can 
be allowed to run back downhill 
and generate power. 


SUN’S RAYS CAN POWER 
AIR CONDITIONING 

An experiment using the sun’s 
heat to power air-conditioning 
units was described at the annual 
meeting of the American Society 
of Mechanical Engineers, 

According to the authors of the 
paper, using sunshine to power an 
air-conditioning unit is a logical 
idea, since the hotter the sunshine, 
the more power it provides, and the 
more heat a solar air-conditioning 
system could remove. Thus, peak 
power output is provided when it 
is most needed. 

The experimental unit they used 
works on much the same principle 
as a gas refrigerator, but the heat 
is supplied by the sun’s rays, rather 
than by a gas flame. The some- 
what involved process by which 
heat can be used for cooling is 
called “refrigeration by absorption” 
and relies on a mixture of water 
and ammonia gas which is alter- 
nately separated and remixed. In 
practice, heat from the sun would 
be gathered by a “flat plate col- 
lector,” which could be installed 
near the building to be cooled. 
Such collectors are relatively 
simple and inexpensive. 


NAVY USES UNDERWATER TV 
TO STUDY OCEAN BOTTOM 

The operational use of under- 
water television equipment in deep 
water surveys has been announced 
by the Navy. 

The television system, built for 
the Navy’s Bureau of Ships, has 
been recently employed in success- 
ful ocean bottom surveys at depths 
of more than 600 ft. This was the 
first time that a continuous, re- 
motely-controlled visual survey had 
been achieved at such depths. 

Primarily designed for salvage 
and search operations, the vehicle 
is equipped with a closed circuit 
television system, an underwater 
lighting system, and a movable 
camera-housing capable of training 
70 deg in any direction. The camera 
and its self-propelled unit are re- 
motely controlled by means of a 
multi-conductor cable from a con- 


trol vessel. The propulsion system 
enables the underwater vehicle to 
hover at any desired depth in cur- 
rents and tides of several knots, as- 
suring optimum use under varying 
conditions. 

If fitted with suitable append- 
ages, the vehicle could collect sam- 
ples and specimens from the ocean 
floor and retrieve sunken objects. 


FUTURE HOMES MAY FEATURE 
VERSATILE CLIP-ON WALLS 

Inexpensive homes of the future 
may be built of prefabricated panels 
containing their own built-in in- 
sulation and utility and heating- 
cooling lines. The panels will be so 
light in weight that they could sim- 
ply be clipped together in a matter 
of hours. 

In fact, the panels might be so 
versatile and easily assembled, they 
would offer the homeowner the ad- 
vantage of changing his room lay- 
out almost at will, with the basic 
exterior shape or design limited 
only by the dimensions and shape 
of the permanent house foundation. 

The panels are built by pouring 
two or more chemicals into a space 
between two sheets of virtually any 
rigid material selected as outer sur- 
faces of the panel. As they combine, 
these chemicals immediately begin 
producing a dense foam which fills 
the entire inner area of the panel. 
As the foam hardens, it becomes 
structurally rigid and strong, and 
also serves as an adhesive, bonding 
the surface “skin” tightly to the 
unit. 

Plumbing and electrical lines 
may be molded right in the wall 
panels and be so designed that 
when the panels butt up against 
each other the connection auto- 
matically will be made. In this 
way, all utility lines will be ready 
for use as soon as the walls are as- 
sembled. And they will match up 
no matter how many times the 
walls are unclipped to change the 
house arrangement. 

Where year-round air condition- 
ing is desired, all windows can be 
molded permanently in place in 
the panels, providing a wall struc- 
ture that is perfectly insulated. 
Since the wall panels could be 
standardized in size so that the 
style would be interchangeable, an 
old wall panel could be traded in 
for a new style if the owner grew 
tired of the original. 
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For the man 
who likes to make 
his own 
career decisions 


The Allis-Chalmers Graduate Training Course 
is based on freedom of opportunity. You will 
have up to two years of practical training to 
find the right spot for yourself. At the same 
time, you enjoy a steady income, You can ac- 
cept a permanent position at any time — when- 
ever you can show you are ready, 

You help plan your own program, working 
with experienced engineers, many of them grad- 
uates of the program. Your choice of fields is 
as broad as industry itself ~ for Allis-Chalmers 
supplies equipment serving numerous growth 
industries. 

A unique aspect of the course is its flexibility. 
You may start out with a specific field in mind, 
then discover that your interests and talents lie 
in another direction. You have the freedom to 
change your plans at any time while on the 
course. 

Types of jobs: Research * Design * Development * Manufac- 
turing * Application * Sales * Service, 

Industries: Agriculture * Cement * Chemical * Construction * 
Electric Power * Nuclear Power * Paper * Petroleum * Steel. 


Equipment: Steam Turbines * Hydraulic Turbines * Switchgear 
* Transformers * Electronics * Reactors * Kilns * Crushers * 
Tractors * Earth Movers * Motors * Control * Pumps * Engines: 
Diesel, Gas, 


Freedom of Opportunity opens the doors to chal- 
lenging and interesting careers. Among them is 
our Nuclear Power Division, with an engineering 
staff in Washington, D. C., a new research and 
development center in Greendale, Wis., and an 
important research effort at Princeton University 
involving power from the hydrogen atom, For de- 
tails on the opportunities available, write to Allis- 
Chalmers, Graduate Training Section, Milwaukee 
1, Wisconsin, 


A-1192 
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CRESCENT 


HYVOLT SHIELDED POWER CABLE 


METAL 
CONDUCTORS HYVOLT SHIELDING 


INSULATION TAPE RUBBER- NEOPRENE 
CONDUCTOR —sEmI-CONDUCTING FILLED SHEATH 


SHIELDING 
TAPE TAPE TAPE 


FOR MORE AMPERES PER DOLLAR OF INSTALLED COST 
CRESCENT HYVOLT insulation is made from butyl rubber which is inherently 
resistant to ozone, heat, moisture and aging with excellent electrical character- 
istics. For 5000 Volt or higher service, HYVOLT cables 
are provided with shielding to protect them from surface 
burning, corona, and lightning surges. 


(=) CRESCENT INSULATED WIRE & CABLE CO. 
eer A TRENTON, N. J. 


C. Edward Murray, Jr. ‘14 
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INDIA—Prime Minister Nehru inspects 


FRICK COMPANY H Frick installation by Mohammed 


ingh, a Frick graduate, 


Student Training 
Course attracts students from all over the world. 


Established by one of the oldest manufacturers of 
refrigeration, this course has acquired such an out- 


standing reputation that only a small select group The Cayuga Press 


can be admitted each year. 
: 113 E. Green St. Ithaca, N. Y. 
Write for details and applications today. 


Phone 2-2781 
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Since its inception nearly 23 years ago, 
the Jet Propulsion Laboratory has given 
the free world its first tactical guided mis- 
sile system, its first earth satellite, and 
its first lunar probe. 

In the future, under the direction of the 
National Aeronautics and Space Admin- 
istration, pioneering on the space fron- 


“We do these things because of the unquenchable curiosity of 

Man. The scientist is continually asking himself questions and 
then setting out to find the answers. In the course of getting 
these answers, he has provided practical benefits to man that 
have sometimes surprised even the scientist. 


UTA 


a \s 


... THE EXPLORATION OF SPACE 


tier will advance at an accelerated rate. 

The preliminary instrument explora- 
tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 


“Who can tell what we will find when we get to the planets? 


CALIFORNIA 


will be made of the moon and the plan- 
ets and of the vast distances of inter- 
planetary space; hard and soft landings 
will be made in preparation for the time 
when man at last sets foot on new worlds. 

in this program, the task of JPL is to 
gather new information for a better un- 
derstanding of the World and Universe. 


Who, at this present time, can predict what potential benefits 
to man exist in this enterprise? No one con say with any accu- 
racy what we will find as we fly farther away from the earth, 
first with instruments, then with man. It seems to me that we 
are obligated to do these things, as human beings.’ 


DR. W. H. PICKERING, Director, JPL 


INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility operated for the National Aeronautics and Space Administration 


PASADENA, CALIFORNIA 


Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
INFRA-RED e OPTICS «¢ MICROWAVE ¢ SERVOMECHANISMS « COMPUTERS « LIQUID AND SOLID PROPULSION « ENGINEERING MECHANICS 
STRUCTURES ¢ CHEMISTRY ¢ INSTRUMENTATION ¢ MATHEMATICS AND SOLID STATE PHYSICS 


Send professional resumé for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 
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Student Frank G. pictures himself 
on a typical Hamilton Standard 


ENGINEERING EXCELLENCE of Hamilton Standard equipment 
is reflected by the selection of its air conditioning and pressuriz- 
ation system for the new Convair 880 jet. Frank G. readily sees 
the variety of engineering applications involved and learns that 
he would, as an engineer, participate in its development in one of 
the following groups: 


DESIGN ENGINEERING—Where the engineer, using technical 
skills in aerodynamics, thermodynamics, heat transfer, vibration, 
servo mechanisms and electronics, creates a working concept of 
the product to meet rigid specifications of performance, weight, 
size, reliability, cost and safety. Engineers shown at right are 
discussing stress analysis problems of the turbo compressor rotor 
system. 


ANALYSIS ENGINEERING—Where the engineer, acting as a 
consultant in applied research, derives and evaluates data on 
performance, structures, vibration and reliability. In addition, 
Frank G. finds that close liaison is maintained with project and 
design engineers, who incorporate this information in the devel- 
opment of the product. Such machines as the Philbrick Analog 
Computer, shown at right, facilitate compilation of technical data. 
PROJECT ENGINEERING—Where the engineer’s prime respon- 
sibility is coordinating all activity from design through qualifi- 
cation testing. Frank G. discovers this means “shirt sleeve’ 
work at laboratory test facilities, verifying product specifications 
with analysis and design groups, working with experimental 
technicians and contact with customers and vendors. Electronic 
temperature control pictured at right, was developed by our 
autonomous Broad Brook Electronics Department. 

For full color and illustrated brochure “Engineering for You and Your Future” 

write R. J. Harding, Administrator—College Relations 


HAMILTON STANDARD 


A DIVISION OF 


UNITED AIRCRAFT CORP. 


BRADLEY FIELD ROAD, WINDSOR LOCKS, CONN. 
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In most universities and colleges, 
the student is given, every term, a 
certain number of cuts for which 
he is held to no responsibility. He 
can simply absent himself from 
recitations, from lectures, from 
duty that belongs in the college 
course, and no one ever asks what 
he has done, or where he has gone. 
If that same young man absents 
himself once without a reasonable 
excuse, when he gets into business, 
he is usually hauled up and asked 
in the most impertinent manner, 
why he was away. No cuts in busi- 
ness, no talk about how many cuts 
a man has. The second or third 
time he does cut, he is discharged. 
Young college men work when 
they please, and as much as they 
please, the only restrictions being 
that they have to pass certain ex- 
aminations. Their habits are left al- 
most entirely to themselves. When 
they begin commercial life, those 
habits are regulated and _ rigidly 
prescribed by someone else. 

The central idea that the boy 
gets at college is training, training 
of the mind, storing the mind full 
of things. Now I say, without the 
slightest hesitation, that for success 
in life, intellectual training comes 
second or third. Without the slight- 
est question, character comes first; 
good sense, second; and intellectual 
training third. The entire emphasis 
of the college life is on intellectual 
training. As long as the man com- 
mits no offense which sends him to 
jail, it is very little of the business 
of the management of those uni- 
versities what those boys do. 

What is the remedy for these 
two faults? I do not believe there is 
any panacea for all faults, but I do 
believe that there is a great pallia- 
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tive possible, I believe that every 
young student in our colleges, from 
the student who intends to be a 
minister, on the one hand, to the 
mechanical engineer, on the other 
hand, should leave college at the 
end of the freshman year and 
spend at least one year in actual 
hard work in a shop of some kind. 
I say shop, because he will be cer- 
tain to be under careful and con- 
stant supervision when working in 
a shop as a workman, alongside 
workmen, — The Sibley Journal, 
February, 1910. 


A new process of animated color- 
photography was demonstrated in 
the concert hall of Madison Square 
Garden in New York City . . . In- 
stead of using three color screens, 
red, green, and blue, in connection 
with two films, as does the inventor, 
the new process combines the blue 
and green into a single blue-green 
screen. The screens, of colored 
gelatine, are arranged so that each 
forms half of a revolving disk 
placed in front of the lens. The 
pictures are taken on a specially 
prepared film made panchromatic 
by means of suitable dyes. When 
this is projected through the col- 
ored screen, each picture of course 
being projected through the same 
colored screens as that through 
which it was taken, the spectator 
sees the view in its natural colors, 
since the eye retains the color im- 
pression of the red, for example, 
while the blue-green picture is be- 
ing substituted for it and after the 
latter is in its place. In order to 
produce satisfactory results with 
this process it is necessary to run 
the machine twice as fast as the 
ordinary machine and project twice 


the number of pictures per second. 
This however improves the quality 
of the picture by slightly reducing 
the flicker. The Sibley Journal— 
January, 1910. 


The commander of the Paris po- 
lice force has perfected, for the use 
of the men in his command, spec- 
tacles, with the aid of which they 
may not only see very plainly what 
is going on ahead of them, but at 
the same time command a view of 
what is going on behind them, an 
arrangement that is expected to 
contribute materially to their ef- 
ficiency. At the outer edge of these 
unique glasses, small, concave mir- 
rors are attached. They are very 
“true” and so placed as not to in- 
terfere in the least with the for- 
ward view of the wearer. After 
brief preliminary use they are 
found to give excellent service 
The Sibley Journal, February, 1910. 


For a time, during the transition 
from steam to electricity, on the 
Southport Branch of the Lanca- 
shire & Yorkshire Railway, it was 
necessary to run steam trains be- 
tween the electrical trains, at the 
same speed. This afforded an op- 
portunity to compare the coal con- 
sumption of the locomotives with 
that of the powerhouse supplying 
the electric trains. It was found 
that the six-wheeled, coupled-tank 
engines consumed 80 pounds of 
coal per train mile for express 
trains, and 100 pounds for accomo- 
dation trains. The consumption of 
coal at the power-station for the 
electrical trains is 49 pounds per 
train mile. — The Sibley Journal, 
February, 1910. 
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Paints, chemicals, glass, plastics, fiber glass . . . all these products 
have exciting family trees. And at Pittsburgh Plate Glass Com- 
pany, tomorrow’s offspring promise to be even more intriguing. 

Look around you . . . at paint, for example. It’s much more 
than mere color. Paint protects. It must be thoroughly researched 
and carefully compounded to withstand infinite variations of 
atmosphere, heat, stress and other conditions. Or look at chem- 
icals . . . their roles in the creation and development of textiles, 
metals, paper, agriculture, missiles, medicine. You name it; 
chemicals are there, making important contributions. Glass? 
These days, it can be made to remain rigid at blast furnace 
temperatures, withstand supersonic speeds, have the tensile 
strength of bronze. And it’s much the same story for plastics 
and fiber glass. Everywhere you look—in architecture, industry, 
the home, everywhere—PPG products find new, exciting applica- 
tions with fascinating and challenging potentialities. 

Are you seeking a career that requires creative thinking, 
utilizes all your skills and know-how, offers a chance to learn the 
latest techniques? Then look into your enticing career possibili- 
ties with the Pittsburgh Plate Glass Company. Contact your 
Placement Officer now, or write to the Manager of College 
Relations, Pittsburgh Plate Glass Company, One Gateway Center, 
Pittsburgh 22, Pennsylvania. 


PAINTS ¢ GLASS ¢ CHEMICA!S ¢ BRUSHES « PLASTICS « FIBER GLASS 
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under a bushel... 


Problem: To find a job that will utilize your engineer- 
ing training to the fullest possible extent, and reward 
you for a job well done. 


Solution: Find a company that has a reputation for 
being the leader in its field. A company whose continued 
expansion is built on creative engineering of new prod- 
ucts, new processes. A company with this background 
relies on its engineers for progress and rewards them 
accordingly. 

At LinbDE, the creative engineer will find this and 
more. As you probably know, LINDE is a major supplier 
of industrial gases to industry ... you’re probably famil- 
iar with them in welding; steel companies use them in 
refining metals; and they’re essential to thousands of 
chemical processes. LINDE is also famous for its con- 
tribution in welding equipment, and its leadership in 


A LEADER FOR OVER 50 YEARS 


The terms ‘‘Linde”’ and ‘‘Union Carbide”’ are registered trade-marks of UCC. 
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cryogenic (ultra-low-temperature) technology, and 
other new and fascinating products and processes. 


A LINDE engineer, as a result of this progressive com- 
pany thinking, enjoys several important advantages. 
Primarily, he works in a professional atmosphere, where 
highly specialized technicians are used to relieve him 
of bench work, drafting, and other detail work. And the 
engineer at all times enjoys privacy that is so greatly 
desired in engineering today. 

But all these are discussed in a booklet that should 
be in your possession before you decide. Why not write 
for a copy today ... no obligation. Ask for “Look to 
LinDE for Your Future.” Address: Mr. J. J. Rostosky, 
Manager — Recruiting, Linde Company, Division of 
Union Carbide Corporation, 30 East 42nd Street, New 
York 17, New York. 
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STRESS and STRAIN... 








A meek little man walked into a 
barroom and ordered two drinks 
from the burly bartender. He 
drank one of the drinks and 
poured the other into his shirt 
pocket. After about ten rounds of 
this procedure the bartender says, 
“Pal, why are you pouring the 
other drink into your shirt pocket?” 
The little man jumped up into 
the bartender’s face and snarled, 
“Mind your own business, you big 
bum, or I shall come over the 
counter and whale the fire out of 
you.” About that time a blurry- 
eyed mouse stuck his head out of 
the pocket and said, “That goes for 
your damned cat, too.” 

° Q ° 

Reader: “Do you make up these 
jokes yourself?” 

Editor: “Yep, out of my head.” 

Reader: “You must be.” 


oO oO oe 


The ferocious lion ate a bull. 
Afterward he felt so wonderful he 
roared and roared. A hunter heard 
him roar and shot him. 

Moral: When you are full of 
bull, you had better keep your 
mouth shut! 


oO Qo oO 


Horatio: “We're not making 
much money out of this amphi- 
theatre.” 

Nero: “No, the lions are eating 
up all the prophets.” 


oO * ° 


Definition of a hangover: When 
the brew of the night meets the 
cold of the day. 
° ° ° 
Little Jack Horner sat in a cor- 
ner, crib notes under his eye. He 
opened his book and took a quick 
look, and now he’s a Tau Beta Pi. 
co ° ° 
Papa Stork: “I surely had a busy 
day. I delivered 152 babies.” 
Mama Stork: “Yeah, me too. I 
delivered 145 babies.” 
Kid Stork: “Well, I can’t deliver 
babies like you grownups can, but 
I did have fun today scaring hell 
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out of a couple of high school 
kids.” 


Oo oO o 
LIFE OF A JOKE 


1 minute: Freshman thinks of a 
joke and tells it one night to his girl 
friend. 

1 day: Joke circulates through 
the women’s dorm and a senior en- 
gineer overhears it. 
~ 1 week: Senior sends joke in to 
humor editor, claiming origination 
to himself. Humor editor thinks 
joke is miserable, but since dead- 
line is only one day away and he is 
desperate for five more lines he 
decides to use it. 

1 month: Joke appears at bot- 
tom of gag page. Humor editor is 
forced into exile. 

1 year: Joke circulates through 
every engineering college maga- 
zine from Alabama to Canada, and 
from New York to Washington. 

2 years: Gag writer for a radio 
program finds local college maga- 
zine on a bus and sees joke therein. 
Joke appears on next program, Gag 
writer loses union card. 

2% years: Reader's Digest prints 
joke from radio program. 

4 years: College professor finally 
gets around to reading the issue of 
Reader's Digest and laughs heartily 
at joke. 

5-30 years: College professor 
uses joke to start off his lectures at 
beginning of each term. 

35 years: Joke passes on as does 
college professor. 


* * * 


“Whoever told that guy he was 
a prof? He just doesn’t know how 
to teach the stuff. Everybody hates 
him. Everytime he tries to explain 
something he digresses so much 
that on one can understand what 
he’s talking about. I thing he ought 
to quit teaching and go back to the 
farm.” 

“Yeah, I flunked, too.” 


e co * 
The first sergeant, an Old Army 
monster, was chewing out the 
freshmen in formation, and writing 


all their names on his ram pad. 
“Now you fish,” he snarled, “just 
to show you I mean business, I’m 
going to keep your names right 
next to my heart.” With that he 
stuffed the ram pad into his hip 
pocket, and leered at them. 
“Big-hearted S.O.B., ain't he,” 
muttered some rear rank freshman. 


oO * ° 


I think that I shall never see 

A girl refuse a meal that’s free; 

A girl with hungry eyes not fixed 
Upon the drink that’s being mixed; 
A girl who doesn’t like to wear 
A lot of junk to match her hair; 
But girls are loved by guys like me 
"Cause I don’t like to kiss a tree. 


e * oO 


There are only two kinds of 
parking left on the campus—illegal 
and no. 


* 2 2 


A friend has described a pink 
elephant as a beast of bourbon. 


* 2 ° 


“T will now illustrate what I have 
in mind,” said the EE prof as he 


erased the blackboard. 


* 2 * 


A small boy leading a donkey 
passed a Marine camp. A couple 
of marines wanted to have some 
fun with the lad. “What are you 
holding on to your brother so tight 
for sonny?” said one of them. 

“So he won't join the Marines,” 
the youngster replied. 


* * * 


Thermometers—Something else 
graduated with degrees without 
having brains. 


2 o oo 


Doctor: “How’s the engineering 
patient this morning?” 

Nurse: “I think he’s regaining 
consciousness. He tried to blow the 
foam off his medicine.” 


* = 2 


Now go on and read 
the rest of the 
magazine, 
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Photography works 


From drawing board 
to shipping platform... 


) for the engineer 


Photographs of freight cars as loaded and as 
received provide information for engineers to 
develop better loading practices (as well as 
data for damage claims). 


Whatever your field, you will find photography 
increasing in importance. It works for the research 
scientist, the production engineer, the sales executive, 
the administrator. It speeds engineering, expedites 
quality control. It trains, and teaches, and sells. It 
will help you in whatever you do. 


EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 


Careers with Kodak 


With photography and photographic 
processes becoming increasingly impor- 
tant in the business and industry of 
tomorrow, there are new and challeng- 
ing opportunities at Kodak in research, 
engineering, electronics, design, and 
production. 


If you are looking for such an inter- 
esting opportunity, write for infor- 
mation about careers with Kodak. 
Address: Business and Technical 
Personnel Department, 

Eastman Kodak Company, 
Rochester 4, N. Y. 





Q. Why does your company have train- 
ing programs, Mr. Abbott? 


A. Tomorrow’s many positions of major 
responsibility will necessarily be filled by 
young men who have developed their 
potentials early in their careers. General 
Electric training programs simply help 
speed up this development process. 

In addition, training programs provide 
graduates with the blocks of broad ex- 
perience on which later success in a 
specialization can be built. 

Furthermore, career opportunities and 
interests are brought into sharp focus 
after intensive working exposures to 
several fields. General Electric then gains 
the valuable contributions of men who 
have made early, well-considered deci- 
sions on career goals and who are con- 
fidently working toward those objectives. 


Q. What kinds of technical training pro- 
grams does your company conduct? 


A. General Electric conducts a number 
of training programs. The G-E programs 
which attract the great majority of 
engineering graduates are Engineering 
and Science, Manufacturing, and Tech- 
nical Marketing. 


Q. How long does the Engineering and 
Science Program last? 


A. That depends on which of several 
avenues you decide to take. Many gradu- 
ates complete the training program dur- 
ing their first year with General Electric. 
Each Program member has three or four 
responsible work assignments at one or 
more of 61 different plant locations. 
Some graduates elect to take the Ad- 
vanced Engineering Program, supple- 
menting their work assignments with 
challenging Company-conducted study 
courses which cover the application of 
engineering, science, and mathematics to 
industrial problems. If the Program mem- 
ber has an analytical bent coupled with a 
deep interest in mathematics and physics, 
he may continue through a second and 
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third year of the Advanced Engineering 
Program. 

Then there is the two-year Creative 
Engineering Program for those graduates 
who have completed their first-year 
assignments and who are interested in 
learning creative techniques for solving 
engineering problems. 

Another avenue of training for the 
qualified graduate is the Honors Program, 
which enables a man to earn his Master’s 
degree within three or four semesters at 
selected colleges and universities. The 
Company pays for his tuition and books, 
and his work schedule allows him to earn 
75 percent of full salary while he is going 
to school. This program is similar to a 
research assistantship at a college or 
university. 


Q. Just how will the Manufacturing 
Training Program help prepare me for 
@ career in manufacturing? 


A. The three-year Manufacturing 
Program consists of three orientation 
assignments and three development 
assignments in the areas of manufacturing 
engineering, quality control, materials 
management, plant engineering, and 
manufacturing operations. These assign- 
ments provide you with broad, funda- 
mental manufacturing knowledge and 
with specialized knowledge in your 
particular field of interest. 

The practical, on-the-job experience 
offered by this rotational program is sup- 
plemented by participation in a manu- 
facturing studies curriculum covering 
all phases of manufacturing. 


Q. What kind of training would | get 
on your Technical Marketing Program? 


A. The one-year Technical Marketing 
Program is conducted for those graduates 
who want to use their engineering knowl- 


edge in dealing with customers. Bher 
completing orientation assignment® in 
engineering, manufacturing, and market- 
ing, the Program member may specialize 
in one of the four marketing areas: appli- 
cation engineering, headquarters market- 
ing, sales engineering, or installation and 
service engineering. 

In addition to on-the-job assignments, 
related courses of study help the Program 
member prepare for early assumption of 
major responsibility. 


Q. How can | decide which training 
program | would like best, Mr. Abbott? 


A. Well, selecting a training program is 
a decision which you alone can make. You 
made a similar decision when you selected 
your college major, and now you are 
focusing your interests only a little more 
sharply. The beauty of training programs 
is that they enable you to keep your 
career selection relatively broad until you 
have examined at first hand a number of 
specializations. 

Furthermore, transfers from one Gen- 
eral Electric training program to another 
are possible for the Program member 
whose interests clearly develop in one 
of the other fields. 


Personalized Career Planning 
is General Electric’s term for the 
selection, placement, and _ pro- 


fessional development of engi- 


neers and scientists. If you would 
like a Personalized Career Plan- 
ning folder which describes in 
more detail the Company’s train- 
ing programs for technical gradu- 
ates, write to Mr. Abbott at Sec- 
tion 959-13, General Electric 
Company, Schenectady 5, N. Y. 
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